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Executive Highlights
▪ ADA's 78th Scientific Sessions took place at the end June in Orlando, FL, and here

we bring you our full coverage of content on diabetes therapy, technology, obesity/
prediabetes, and big picture topics (policy/reimbursement, epidemiology/education,
etc.). Brand new in this edition are comprehensive reports on TCOYD/The diaTribe Foundation's
12th Annual Diabetes Forum, featuring Drs. Jim Gavin, Mikhail Kosiborod, Jeremy Pettus, and
Carol Wysham, as well as The diaTribe Foundation's 3rd Annual Musings Under the Moon: Next
Gen Diabetes. We were also so privileged to interview ADA's new CEO, Ms. Tracey Brown - check
out her vision for ADA in our summary and the full transcript below!

▪ In therapy, adjunct treatments for type 1 stole a lot of the show. We saw positive data
from the inTandem program for Sanofi/Lexicon's sotagliflozin in type 1, from the DEPICT
program for AZ's dapagliflozin in type 1, from the EASE program for Lilly/BI's empagliflozin in
type 1 (though this was high-level topline data only), and from a small but very telling/powerful
study investigating GLP-1 liraglutide in type 1. Our first stop in Orlando was actually the ATTD
consensus meeting on managing DKA when using SGLT inhibitors in type 1 diabetes - wow was
this full of great education and insights from multiple thought leaders globally. However, this full
report starts with a section on GLP-1: We were very excited to see PIjONEER 1 data for Novo
Nordisk's oral semaglutide on a late-breaking poster. Oral administration is the next major
frontier for GLP-1 therapy, and we're so excited about what this could mean for patients. ADA also
offered new results (Novo Nordisk's DUAL IX) and ample positive commentary (most notably,
from Tulane's Dr. Vivian Fonseca) on basal insulin/GLP-1 fixed-ratio combinations. This therapy
class is so under-used in the real world - we're more convinced of this fact the more data we see.
Turning to SGLT-2 inhibitors for type 2, a post-hoc analysis of CANVAS showed consistent CV
benefit to J&J's Invokana regardless of baseline eGFR, and the OBSERVE-4D study suggested that
canagliflozin isn't associated with excess amputation risk in the real world. We expect both classes
(GLP-1 and SGLT-2) to continue to grow - most are limited now by systems problems (PCPs not
having time to educate, HCPs doubting the drugs can be covered, HCPs not having or taking time
to help with reimbursement, etc.). Next-generation insulins were prominently featured at ADA.
Post-hoc analyses of DEVOTE and SWITCH confirmed significant hypoglycemia benefit with
Novo Nordisk's Tresiba; one fascinating presentation by Dr. Athena Philis-Tsimikas showed that
you can lower A1c by an additional 0.6%-0.7% with Tresiba vs. Lantus without introducing more
hypo. Sanofi's Toujeo was associated with less hypoglycemia than Tresiba during the 12-week
initiation phase of BRIGHT, though our main takeaway from this poster was that both these next-
gen basals are so much better than the insulin analogs that came before them.

▪ The tech side of ADA was destined to be rousing after FDA approved three major PMA's
the day before the meeting kicked off: Medtronic's MiniMed 670G pediatric indication (7-13 year
olds), Senseonics' Eversense 90-day implantable CGM, and Tandem's Basal-IQ/Dexcom G6
(PLGS) - not to mention ADA debuts for three other CGMs, DreaMed/Glooko's Advisor Pro, and
Insulet's Dash PDM. In automated insulin delivery, we saw progress and/or new data on several
commercial systems (Medtronic, Insulet, Diabeloop, and Tandem); compelling research from
Cambridge (fully automated inpatient closed loop in type 2s), McGill (insulin + pramlintide), and
the Bionic Pancreas group; and a blending of the DIY and industry communities (notably with
SOOIL and Diabeloop announcing the intention to incorporate OpenAPS software). The dearth of
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major outcomes trials didn't stop CGM from generating positive advances in the field and hallway
chatter, with many speakers referring to it as the emerging standard of care and pointing to its use
cases in type 2 diabetes - we were especially impressed by data demonstrating the value of
professional CGM. The Beyond A1c movement - inextricably linked to progress in CGM - received
big validation from a very powerful analysis presented by Dr. Roy Beck that validated time-in-
range using SMBG data from the DCCT! ADA featured overall positive data from type 2 diabetes-
specific insulin delivery device RCTs (Insulet/Lilly U500 Omnipod, J&J OneTouch Via), plus a
strong presence in decision support/diabetes apps, advancing of smart pens/insulin dose capture,
and positive data in the remote care arena.

▪ This year's ADA also featured important content on treatment algorithms - the ADA/
EASD consensus writing committee presented a draft of the 2018 position statement (spoiler alert:
there's a major emphasis on CV risk reduction with GLP-1s and SGLT-2s). On policy/
reimbursement, we saw data quantifying how common it is for patients to underuse insulin due to
cost constraints, learned the cost-effectiveness of multifactorial intervention from Steno-2, and
heard ample discussion on evolving CVOT design (read about the debate between Drs. Steven
Marso and Darren McGuire on this subject). Lastly, you'll want to scroll all the way down to get to
the award lectures, which were as inspiring as ever.

In this report, we provide our full coverage of diabetes/obesity therapy, diabetes technology, and big picture
topics from the ADA's 78th Scientific Sessions. Dive into different topics, from GLP-1 and type 1 adjuncts, to
automated insulin delivery and CGM - and everything in between. Talk titles highlighted in yellow denote the
presentations and commentary that we found particularly notable. Titles highlighted in blue represent new
coverage that wasn't included in our daily highlights (day #1, day #2, day #3, day #4, or day #5) or the first
edition of our full report. Note that some talks may appear in multiple sections (e.g. content on basal insulin/
GLP-1 fixed-ratio combinations appears under the "GLP-1" category as well as the "insulin" category).

Our sections proceed as follows (you can navigate through these using our table of contents below):

Themes

GLP-1 Agonists

SGLT Inhibitors

Adjunct Treatments for Type 1 Diabetes

Insulin Therapy

Treatment Algorithms and Strategies

Novel Therapies

Automated Insulin Delivery, Pumps, and Pens

CGM and BGM

Digital Health and Connected Care

Beyond A1c and Hypoglycemia

Obesity, Prediabetes, and Remission

Type 1 "Cure" Therapies and Pathophysiology

Diabetes Complications

Policy and Reimbursement

Epidemiology and Education

Award Lectures and Additional Topics
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TCOYD/The diaTribe Foundation 12th Annual Diabetes Forum

The diaTribe Foundation's Third Annual Musings Under the Moon: Next-Gen Diabetes

Interview with New ADA CEO Ms. Tracey Brown

Exhibit Hall

…

Happy reading!

Table of Contents

Executive Highlights
Themes

Diabetes Therapy

Adjunct Therapy for Type 1 Diabetes Takes Center Stage: New Data Galore on SGLTs,
GLP-1s, Metformin in T1D; Consensus Meeting Brings ~30 Thought Leaders Together to
Discuss DKA; Potential for Type 1 CVOT?
In CVOT Era, ADA/EASD Consensus Statement Emphasizes CV Risk Assessment,
Recommends GLP-1s & SGLT-2s, Positions GLP-1s as First-Injectable Before Insulin
Growing Emphasis on Next-Generation Insulins, Particularly Hypoglycemia Benefits
(Toujeo, Tresiba, Fiasp, Afrezza)
Peptides Gone Oral: Novo Nordisk Leads Oral GLP-1 Competitive Landscape, Reports
Positive PIONEER 1 Results; Research Continues on Oral Insulin
New Data Emphasizes Favorable Benefit/Risk Profile of Combination Therapy (Novo
Nordisk's Xultophy, AZ's Qtern, & More); Exploring Roles for GLP-1 + SGLT-2 Co-
Administration in Diabetes Care
CANVAS One Year Later: Understanding the Risk/Benefit Profile of J&J's Invokana
(Canagliflozin) and CV/Renal Class Effects of SGLT-2 Inhibitors
Reflecting on 10 Years of FDA-Mandated Diabetes CVOTs: Ample Discussion on Trial
Design & How to Maximize Insights
Remission of Type 2 Diabetes is Becoming a Reality - But for Whom?
Major Symposia - VADT-f, RISE, TEDDY - Offer Neutral Data at Best, Negative at Worst;
Biggest Takeaway is Knowing How Much We Don't Know
Next-Generation Glucagon from Xeris, Zealand, Lilly Poised to Revolutionize
Hypoglycemia Treatment
Increasing Attention on Access, Affordability, & Cost-Effectiveness (Analyses on Sanofi's
Next-Gen Toujeo, Steno-2/Multifactorial Treatment)
Mixed Results on Disease-Modifying Treatments for T1D: TrialNet Study Finds Promise
in Low-Dose ATG for Recently-Diagnosed Type 1s; Two-Year Data on ViaCyte's PEC-
Encap; Negative Data from TEDDY, Kamada
Growing Interest in Psychosocial Care for People with Diabetes; Call to Include Mental
Health Providers on Diabetes Care Teams
Inspiring Award Lectures Share Lens into the Future: A Better Understanding of Type 2
Diabetes Pathophysiology + Drugs That Target the Brain to Improve Metabolism

Diabetes Technology

Major New Devices Debut at ADA, Propelled by FDA and Accelerating Progress in CGM,
AID, Apps, and Interoperability
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Automated Insulin Delivery Commercial Progress from Medtronic, Insulet, Diabeloop,
Tandem; Industry-DIY Start to Blend; Compelling Research from Cambridge Inpatient,
McGill on Pramlintide, Bionic Pancreas
Moving from Beyond A1c Consensus to Validation, Headlined with TIR Data from DCCT
CGM as "Emerging Standard of Care," and Not Just for Type 1s; Four CGMs Make ADA
Debut; Convincing Professional CGM Outcomes as Use Cases Expand
T2D Insulin Delivery Device RCTs (J&J One Touch Via, Insulet/Lilly U500 Omnipod)
Positive Overall - A Good Omen for Market Adoption and Sustainable Businesses in T2D?
New Era of Diabetes Apps? Decision Support, Decoding Data, Driving Glucose Prediction,
Radically Convenient Coaching and Education
Smart Pens/Pen Caps Inch Forward, Opening Up New Avenues of Research, and
Informing Decision Support
Strong Remote Care Results for Prevention and Treatment of Type 2 Diabetes - Big Focus
on Cost-Effectiveness

GLP-1 Agonists
Oral Presentations: Updates from Type 2 Diabetes Trials

Superior Efficacy of Insulin Degludec/Liraglutide (IDegLira) vs. Insulin Glargine (IGlar
U100) as Add-On to SGLT-2 Inhibitor ± Oral Antidiabetic Drug (OAD) Therapy in
Patients with Type 2 Diabetes - DUAL IX Trial Athena Philis-Tsimikas, MD (Scripps Diabetes

Institute, San Diego, CA)

Efficacy and Safety of an Expanded Dulaglutide Dose Range - A Phase 2, Placebo-
Controlled Trial in T2D Patients on Metformin Juan Frias, MD (National Research Institute, Los

Angeles, CA)

Efficacy of Semaglutide vs. Dulaglutide across Baseline HbA1c in SUSTAIN 7 Richard

Pratley, MD (Florida Hospital, Orlando, FL)

More Subjects Achieved Composite Reductions ³1% A1c, ³5% Body Weight, and ³5 mmHg
SBP with Semaglutide vs. Comparators (SUSTAIN 1-5, 7) Kathleen Dungan, MD (Ohio State

University, Columbus, OH)

Durable HbA1c Reduction with Initial Combination Therapy with Metformin/
Pioglitazone/Exenatide in Subjects with New-Onset Diabetes - Six-Year Follow-Up of the
EDICT Study Muhammad Abdul-Ghani, MD (University of Texas Health Science Center, San Antonio,

TX)

Comparing Treatment Strategies for Patients with Very Elevated HbA1c - A Randomized
Trial Marconi Abreu, MD (UT Southwestern Medical Center, Dallas, TX)

Oral Presentations: Hypoglycemia - Reducing the Risk

Effect of Combination Therapy with Liraglutide Plus Canagliflozin on HGP and A1c vs.
Each Therapy Alone in T2D Muhammad Abdul-Ghani, MD (University of Texas Health Science

Center, San Antonio, TX)

Symposium: Exploring the Next Frontier in Diabetes Pharmacology

The Dual/Triple Peptides - Premise, Technologies, and Clinical Promise Richard

DiMarchi, PhD (Indiana University, Bloomington, IN)

Stretching It Out - Very-Long-Acting Agents and Implantable Technologies for Drug
Delivery in Diabetes Carlos Alvarez, PharmD (Texas Tech University, Lubbock, TX)

Symposium: Prioritizing Injectable Therapies in Type 2 Diabetes
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When Should Fixed-Ratio Basal Insulin/GLP-1 Agonist Combination Products be
Considered? Vivian Fonseca, MD (Tulane University, New Orleans, LA)

Symposium: Update on Diabetic Retinopathy Clinical Trials

Update on Retinopathy Outcomes in GLP-1 Trials Wiley Chambers, MD (FDA, Silver Springs,

MD)

Symposium: The Intestine in the Regulation of Metabolism, Immunity, and Insulin
Sensitivity

Enteroendocrine Functions of the Intestine Daniel Drucker, MD (Lunenfeld-Tanenbaum

Research Institute, Toronto, Canada)

Product Theaters

Developments in GLP-1 Treatment Options for Adults with Type 2 Diabetes (Sponsored
by Novo Nordisk) James Gavin, MD (Emory University, Atlanta, GA)

The Role of GLP-1 Receptor Agonist Therapy in Type 2 Diabetes Management (Sponsored
by AZ) Robert Busch, MD (Albany Medical College, NY)

Posters

Effect and Safety of Oral Semaglutide Monotherapy in Type 2 Diabetes - PIONEER 1 Trial
VR Aroda, J Rosenstock, Y Terauchi, O Jeppesen, E Christiansen, CL Hertz, M Haluzik

Patients with Type 2 Diabetes on the Maximum Dose of Insulin Degludec/Liraglutide
(IDegLira) Achieve Glycemic Target: Analyses from the DUAL Program L Meneghini, S

Linjawi, P Serusclat, T Vilsbøll, B Agner, T Hansen, and L Leiter

Renal Outcomes in the EXenatide Study of Cardiovascular Event Lowering (EXSCEL)
MA Bethel, RJ Mentz, P Merrill, JB Buse, JC Chan, SG Goodman, N Iqbal, N Jakuboniene, BG Katona, Y

Lokhnygina, RD Lopes, AP Maggioni, PK Ohman, NR Poulter, A Ramachandran, T Tankova, B Zinman, AF

Hernandez, RR Holman

Patient-Reported Outcomes (PROs) for Insulin Degludec/Liraglutide (IDegLira) vs.
Insulin Glargine (IGlar U100) as Add-On to Sodium-Glucose Co-Transporter-2 Inhibitor
(SGLT2i) ± Oral Antidiabetic Drug (OAD) Therapy in Patients with Type 2 Diabetes
(T2D) - DUAL IX Trial M Brod, L Billings, R Busch, S Harris, C Portillo, R Sahay, A Busk, S Eggert, N

Halladin, A Philis-Tsimikas

Treatment Effects of Once-Weekly Dulaglutide vs. Insulin Glargine in Patients with
Different Baseline Glycemic Patterns (Based on High/Low Fasting or High/Low Prandial
Glucose): A Post-Hoc Analysis of the AWARD-2 Clinical Trial F Giorgino, M Yu, A Haupt, Z

Milicevic, and LE Garcia-Perez

DURATION-8 Randomized Controlled Trial 104-Week Results - Once-Weekly Exenatide
(ExQW) plus Once-Daily Dapagliflozin (DAPA) vs. ExQW or DAPA Alone S Jabbour, C

Guja, E Hardy, S Bhattacharya, P Ohman, J Frias

EXSCEL: Once-Weekly Exenatide Reduces Medical Resource Utilization in Patients with
Type 2 Diabetes SD Reed, Y Li, H Dakin, F Becker, J Leal, SM Gustavson, B Kartman, E Wittbrodt, RJ

Mentz, N Pagidipati, MA Bethel, AM Gray, RR Holman, AF Hernandez

Comparative Glycemic Effectiveness of Dulaglutide vs. Liraglutide and Exenatide QW in a
US Real-World Setting R Mody, Q Huang, M Yu, H Patel, R Zhao, M Grabner, L Lando

Lixisenatide and Renal Outcomes in Patients with Type 2 Diabetes: A Post-Hoc Analysis
of the ELIXA Trial M Muskiet, L Tonneijck, Y Huang, M Liu, A Saremi, H Lambers Heerspink, D Van

Rallte

Comparative Cardiovascular Effectiveness of SGLT-2 Inhibitors vs. Liraglutide in Routine
Care E Patorno, B Everett, S Schneeweiss, R Glynn, J Liu, and S Kim
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Real-World Comparative Effectiveness, Treatment Patterns, and Costs in Type 2 Diabetes
Mellitus (T2DM) Patients Initiated on Canagliflozin 300 mg (CANA) or a Glucagon-Like
Peptide-1 Receptor Agonist (GLP-1) M Singhal, H Tan, C Coleman, WH Herman, J Cai, M Han, M

Ingham

Corporate Symposium: Multi-Mechanistic, Insulin-Based Approaches for Achieving A1c/PPG
Targets and Optimizing Safety in Challenging Patients with Type 2 Diabetes (Sponsored by
Sanofi)

Physiologic Basis and Practical Rationale for Fixed-Ratio Insulin/GLP-1 Agonist
Combinations Vivian Fonseca, MD (Tulane University, New Orleans, LA)

Advanced Basal Insulin Options and Improving Outcomes in T2D Lawrence Blonde, MD

(Ochsner Medical Center, New Orleans, LA)

Corporate Symposium: Pointed Discussions - Clinical Conversations about Reducing CV
Risks in Patients with Type 2 Diabetes Using Newer Options in Injectable Anti-Hyperglycemic
Therapy (Sponsored by Novo Nordisk)

Treating Patients with T2D and High CV Risk with New and Existing Options in
Injectable Anti-Hyperglycemic Therapy Steven Marso, MD (HCA Midwest Health, Kansas City,

KS)

SGLT Inhibitors
Oral Presentations: SGLT2 Inhibitors - From Mechanisms to Clinical Trials

Canagliflozin and Cardiovascular (CV) Outcomes in Patients with Chronic Kidney Disease
Dick de Zeeuw, MD (University of Groningen, Netherlands)

Dapagliflozin + Saxagliptin Shows Non-Inferior A1C Reduction vs. Insulin Glargine in
Patients with Type 2 Diabetes Inadequately Controlled by Metformin With or Without
Sulfonylurea Serge Jabbour, MD (Thomas Jefferson University, Philadelphia, PA)

Dapagliflozin + Saxagliptin Add-On vs. Glimepiride Add-On to Metformin in Patients
with Poorly Controlled Type 2 Diabetes Juan Frias, MD (National Research Institute, Los Angeles,

CA)

ADA Presidents' Select Abstract: Mechanism by Which Dapagliflozin Induces Euglycemic
Ketoacidosis in Rats Rachel Perry, PhD (Yale University, New Haven, CT)

Oral Presentations: Hypoglycemia - Reducing the Risk

Effect of Combination Therapy with Liraglutide Plus Canagliflozin on HGP and A1c vs.
Each Therapy Alone in T2D Muhammad Abdul-Ghani, MD (University of Texas Health Science

Center, San Antonio, TX)

Oral Presentations: Prediction and Prevention of Cardiovascular Risk

SGLT-2 Inhibitors and Stroke Risk in Patients with Type 2 Diabetes - A Systematic
Review and Meta-Analysis Man Guo, MD (Southwest Medical University, Luzhou, China)

Oral Presentations: Regulation of Islet Function in Health and Disease

Dapagliflozin Treatment Impacts ß, but Not α Cell Function in Normal Human Islets
Chunhua Dai, MD (Vanderbilt University, Nashville, TN)

Symposium: Cardio-Renal Effects of Glucose-Lowering Therapies

Heart Failure Management in the Era of EMPA-REG OUTCOME and the CANVAS
Program Mikhail Kosiborod, MD (University of Missouri, Kansas City, MO)

Product Theaters
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Jardiance (Empagliflozin) Tablets - Evolving Clinical Development Pam Taub, MD (UCSD,

San Diego, CA); Leigh Perreault, MD (University of Colorado, Denver, CO)

Posters

Canagliflozin vs. Other Anti-Hyperglycemic Agents on the Risk of Below-Knee
Amputation (BKA) for Patients with T2DM - A Real-World Analysis of >700,000 US
Patients P Ryan, JB Buse, M Schuemie, F Defalco, Z Yuan, P Stang, JA Berlin, N Rosenthal

Lower Risk of CV Events and Death Associated with Initiation of SGLT-2 vs. DPP-4
Inhibitors - Analysis from the CVD-REAL 2 Study S Kohsaka, C Lam, D Kim, A Karasik, N

Tangri, S Goh, M Thuresson, H Chen, F Surmont, N Hammar, P Fenici, M Kosiborod

DURATION-8 Randomized Controlled Trial 104-Week Results - Once-Weekly Exenatide
(ExQW) plus Once-Daily Dapagliflozin (DAPA) vs. ExQW or DAPA Alone S Jabbour, C

Guja, E Hardy, S Bhattacharya, P Ohman, J Frias

Long-Term Efficacy and Safety of Ertugliflozin in Patients with Type 2 Diabetes Mellitus
Inadequately Controlled with Metformin Monotherapy: 104-week VERTIS MET Trial

S Gallo, B Charbonne, A Goldman, H Shi, S Huyck, A Darekar, B Lauring, S Terra

Assessment of Adverse Renal Effects in Patients with Type 2 Diabetes Mellitus Receiving
Ertugliflozin S Patel, A Hickman, R Frederich, B Lauring, S G. Terra, S. Johnson, S Huyck, and J

Mancuso

Evaluation of Fractures, Bone Mineral Density (BMD), and Bone Biomarkers in Patients
with Type 2 Diabetes Mellitus (T2DM) Receiving Ertugliflozin MA Hickman, R Frederich, S

Patel, S Gallo, B Lauring, S Terra, S Johnson, U Masiukiewicz, S Huyck, J Mancuso

Efficacy and Safety of Ertugliflozin Across Racial Groups in Patients with Type 2 Diabetes
Mellitus J Liu, L Tarasenko, A Pong, S Huyck, L Wu, J Mancuso, S Terra, B Lauring

Real-World Comparative Effectiveness, Treatment Patterns, and Costs in Type 2 Diabetes
Mellitus (T2DM) Patients Initiated on Canagliflozin 300 mg (CANA) or a Glucagon-Like
Peptide-1 Receptor Agonist (GLP-1) M Singhal, H Tan, C Coleman, WH Herman, J Cai, M Han, M

Ingham

Cost-Effectiveness Analysis of Empagliflozin Compared to Canagliflozin or Standard of
Care in Patients with T2DM and Established Cardiovascular Disease A Kansal, O

Reifsnider, J Lee, K Fahrbach, P Gandhi, E Pfarr, and A Ustyugova

Temporal Trends in the Use of SGLT-2 Inhibitors - The Global DISCOVER Study M

Kosiborod, H Chen, J Cid-Ruzafa, P Fenici, M Gomes, N Hammar, K Khunti, S Pocock, M Shestakova, I

Shimomura, F Surmont, F Tang, L Ji

Comparative Cardiovascular Effectiveness of SGLT-2 Inhibitors vs. Liraglutide in Routine
Care E Patorno, B Everett, S Schneeweiss, R Glynn, J Liu, and S Kim

Corporate Symposium: Multifaceted Approaches to Treating Type 2 Diabetes (Sponsored by
Merck)

Individualization is Key Carol Wysham, MD (University of Washington, Seattle, WA); John E.

Anderson, MD (Frist Clinic, Nashville, TN); Anne Peters, MD (Keck School of Medicine, Los Angeles, CA);

Bernard Zinman, MD (Mount Sinai Hospital, Toronto, Canada)

Adjunct Therapies for Type 1 Diabetes
International Consensus Meeting on DKA Mitigation for Adjunct SGLT-1 and SGLT-2
Inhibitor Treatment in Type 1 Diabetes

Summary of Discussion

Symposium: SGLT Inhibition for Type 1 Diabetes Mellitus Management - How Far Have We
Gone?
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Empagliflozin "Ease" Development Program to Support Regulatory Approval Julio

Rosenstock, MD (Dallas Diabetes Research Center, TX)

Should a Cardiovascular-Renal Prevention Outcome Trial with an SGLT Inhibitor Be
Warranted in Type 1 Diabetes Mellitus? David Cherney, PhD (University of Toronto, Canada)

Oral Presentations: Clinical Trials in Type 1 Diabetes

Efficacy and Safety of Dapagliflozin in Patients with Inadequately Controlled Type 1
Diabetes - DEPICT-2 Study Chantal Mathieu, MD (UZ Leuven, Belgium)

Fifty-Two-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT1 and SGLT2 Inhibitor,
as Adjunct Therapy to Insulin in Adults with Type 1 Diabetes (inTandem1) John Buse, MD

(University of North Carolina, Chapel Hill, NC)

Oral Presentations: From Progression to Management in Type 1 Diabetes - What Is New?

Metformin Improves Insulin Resistance (IR) and Vascular Health in Youth with Type 1
Diabetes (T1D) Kristen Nadeau, MD (University of Colorado, Aurora, CO)

Joint ADA/JDRF Symposium: Current Management of Type 1 Diabetes in Youth - What are
the Options?

Beyond HbA1c - How Are We Managing Type 1 Diabetes Mellitus Comorbidities? Peter

Bjornstad, MD (Children's Hospital Colorado, Aurora, CO)

Oral Presentations: SGLT-2 Inhibitors - From Mechanisms to Clinical Trials (With ADA
Presidents' Select Abstract)

ADA Presidents' Select Abstract: Mechanism by Which Dapagliflozin Induces Euglycemic
Ketoacidosis in Rats Rachel Perry, PhD (Yale University, New Haven, CT)

Product Theaters

Improving Glycemic Control in Type 1 Diabetes - The Role of Insulin-Independent
Pathways (Sponsored by Lexicon/Sanofi) Yehuda Handelsman, MD (Metabolic Institute of

America, Tarzana, CA)

Posters

Liraglutide as an Additional Treatment to Insulin in Patients with Type 1 Diabetes
Mellitus - A 52-Week Randomized Double-Blinded Placebo-Controlled Clinical Trial P

Dandona, H Ghanim, ND Kuhadiya, T Shah, JM Hejna, A Makdissi, M Batra, A Chaudhuri

Fifty-Two-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT1 and SGLT2 Inhibitor,
as Adjunct Therapy to Insulin in Adults with Type 1 Diabetes (The European inTandem2
Study) T Danne, B Cariou, PL Banks, M Brandle, H Brath, E Franek, JA Kushner, P Lapuerta, DK McGuire,

AL Peters, S Sawhney, P Strumph

Long-Term Efficacy and Safety of Dapagliflozin in Patients with Inadequately Controlled
Type 1 Diabetes - The DEPICT-1 Study P Dandona, C Mathieu, M Phillip, L Hansen, D Tschoepe,

FA Thoren, J Xu, AM Langkilde

Glucose Variables in T1D Studies with Dapagliflozin - Pooled Analysis of Continuous
Glucose Monitoring Data from DEPICT-1 and 2 C Mathieu, P Dandona, M Phillip, T Oron, L

Hansen, FA Thoren, J Xu, AM Langkilde

Simplici-T1 - First Clinical Trial to Test Activation of Glucokinase as an Adjunctive
Treatment for Type 1 Diabetes J Buse, C Valcarce, J Freeman, I Dunn, C Dvergsten, M Kirkman, A

Kass, J Diner, K Bergamo

Corporate Symposium: The Mechanistic and Therapeutic Rationale for Dual SGLT-1/2
Inhibition in Adults with Type 1 Diabetes (Sponsored by Sanofi)
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Unmet Therapeutic Needs in Adult Patients with Type 1 Diabetes Robert Henry, MD

(UCSD, San Diego, CA)

The Mandate to Optimize Comprehensive Glycemic and Metabolic Management in Adult
Patients with T1DM Melanie Davies, MD (University of Leicester, UK)

From Evidence and Data to the Front Lines of T1DM Management: The Mechanistic and
Therapeutic Rationale for Dual SGLT-1/2 Inhibition in Adults with Type 1 Diabetes

Satish Garg, MD (University of Colorado, Denver, CO)

The Evolving Landscape of Sodium-Glucose Co-Transporter (SGLT-1 and SGLT-2)
Inhibitors John Buse, MD (UNC, Chapel Hill, NC)

Insulin Therapy
Oral Presentations: Hypoglycemia - Reducing the Risk

Insulin Degludec Has Lower Hypoglycemia Risk than Insulin Glargine U100 in Older
People with Type 2 Diabetes (T2D) Simon Heller, MD (University of Sheffield, UK)

CV Safety and Severe Hypoglycemia Benefit of Insulin Degludec vs. Insulin Glargine
U100 in Older Patients (≥65 Years) with Type 2 Diabetes - Observations from DEVOTE

Richard Pratley, MD (Florida Hospital Diabetes Institute, Orlando, FL)

Oral Presentations: Innovations in Insulin Formulation and Delivery

Improved Postprandial Blood Glucose (PPBG) Excursions with Technosphere Inhaled
Insulin (TI) Compared with Aspart in T1D Patients - STAT Study Satish Garg, MD

(University of Colorado, Denver, CO)

Pharmacodynamic Effect of Novel Oral Insulin Tregopil in Relation to Meal Composition
in Type 2 Diabetes Mellitus Patients Harold Lebovitz, MD (SUNY Health Science Center, New York,

NY)

BioChaperone Technology Enables the Development of Pramlintide-Prandial Insulin
Combinations Gregory Meiffren, PhD (Adocia, Lyon, France)

Oral Presentations: Preventing and Treating Hypoglycemia

Relationship between A1C and Hypoglycemia Risk in Individual Patients Comparing
Insulin Degludec with Insulin Glargine U100 Athena Philis-Tsimikas, MD (Scripps Clinic, San

Diego, CA)

Efficacy and Safety of Insulin Degludec and Insulin Glargine U100 in Hospitalized
Patients with Type 2 Diabetes - An Open-Label, Randomized Controlled Study Jun

Suzuki, MD (Yokohama City University Medical Center, Japan)

Self- vs. Physician-Led Titration of Insulin Glargine 300 U/mL (Gla-300) - Improved or
Comparable Efficacy at Week 24 without Increased Risk of Hypoglycemia, Irrespective of
Age (<65 or ≥65 Years) - TAKE CONTROL Krzysztof Strojek, MD, PhD (Silesian Medical

University, Katowice, Poland)

Oral Presentations: Dynamic Approaches to Improve Glycemic Control and Primary Diabetes
Care

Cost-Related Insulin Underuse Is Common and Associated with Poor Glycemic Control
Darby Herkert (Yale University, New Haven, CT)

The Clinical and Economic Effects of Switching Medicare Beneficiaries with Type 2
Diabetes from Analog to Human Insulin Jing Luo, MD (Brigham and Women's Hospital, Boston,

MA)

Symposium: Insulin Therapy - To the Future and Back
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Fast and Furious or Just Marketing Fiction? Expectations from New and Developing
Rapid Acting Insulins Tim Heise, MD (Profil GmbH, Neuss, Germany)

Which Patients Should Receive New Ultra-Long-Acting Basal Insulin Products? Carol

Wysham, MD (University of Washington, Seattle, WA)

When and How to Use Neutral Protamine Hagedorn (NPH) and Regular in Patients with
Type 2 or Type 1 Dace Trence, MD (University of Washington, Seattle, WA)

Concentrated Insulin Products Wendy Lane, MD (Mountain Diabetes and Endocrine Center,

Asheville, NC)

Symposium: Prioritizing Injectable Therapies in Type 2 Diabetes

When Should Fixed-Ratio Basal Insulin/GLP-1 Agonist Combination Products be
Considered? Vivian Fonseca, MD (Tulane University, New Orleans, LA)

Symposium: Real-World Evidence in Diabetes

Combining Methodological Approaches to Assess Efficacy and Safety of Gla-300 vs. First-
Generation Basal Insulins - A Case Study Tim Bailey, MD (UC San Diego, CA)

Real-World Evidence Studies - Methodological Approaches to Overcome Bias Sean

Sullivan, PhD (University of Washington, Seattle, WA)

Complementing Randomized Controlled Trials with Real-World Evidence - A
Comprehensive Evidence-Generation Program in Patients with Diabetes Stewart Harris,

MD (Western University, Ontario, Canada)

Symposium: Obesity in Type 1 Diabetes - An Evolving Challenge

Challenges of Insulin Use in the Obese Patient with Type 1 Diabetes David Russell-Jones,

MD (Royal Surrey County Hospital, Guildford, UK)

Symposium: Exploring the Next Frontier in Diabetes Pharmacology

"Smart" (Gluco-Sensing) Insulins - Nanotechnology and Other Approaches Arturo Vegas,

PhD (Boston University, MA)

Symposium: Clinical Centers and Programs Session

Multidisciplinary Team's Approach to Reduce Inpatient Insulin-Related Hypoglycemia
Celeste Thomas, MD (University of Chicago, IL)

Product Theaters

Basal Insulin Treatment Considerations in Adult Patients with Type 2 Diabetes Mellitus
(Sponsored by Sanofi) Carol Wysham, MD (University of Washington, Seattle, WA)

Evaluating the Impact of a Safety Outcomes Trial - Incidence of Major Adverse
Cardiovascular Events and Clinical Importance of Severe Hypoglycemia for Type 2
Diabetes Patients Requiring a Long-Acting Insulin (Sponsored by Novo Nordisk)

Helena Rodbard, MD (Endocrine and Metabolic Consultants, Rockville, MD)

Posters

Lower Hypoglycemia Rates with Insulin Glargine 300 U/mL (Gla-300) vs. Insulin
Degludec 100 U/mL (IDeg-100) in Insulin-Naïve Adults with T2DM on Oral
Antihyperglycemic Therapy ± GLP-1RA - The BRIGHT Randomized Study GB Bolli, A

Cheng, Z Bosnyak, EB Corfec, AM Cali, X Wang, JP Frias, R Roussel, J Rosenstock

Patients with Type 2 Diabetes on the Maximum Dose of Insulin Degludec/Liraglutide
(IDegLira) Achieve Glycemic Target: Analyses from the DUAL Program L Meneghini, S

Linjawi, P Serusclat, T Vilsbøll, B Agner, T Hansen, and L Leiter
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Ultra-Rapid Insulin Lispro Reduces Post-Prandial Glucose Excursions vs. Humalog in
Patients with T1D and T2D and Different Dose Timing Intervals L Plum-Möerschel, C

Kapita, J Leohr, R Liu, S Reddy, MA Dellva, S Lim, M Matzopoulos, MP Knadler, MT Loh, T Hardy, and C Kazda

Total and Severe Hypoglycemia Is Reduced with Use of Inhaled Technosphere Insulin
(TI, Afrezza) Relative to Insulin Aspart in Type 1 Diabetes L Blonde, F Pompilio, S Bruce, M

Grant, D Kendall

Preference Differences Between SoloStar and MK-1293 Pens Among Patients with
Diabetes and Certified Diabetes Educators B Alemayehu, AM Nguyen, R Ganser, J Speiser, M

Crutchlow, and M DiBonaventura

Clinical Outcome Assessment of the Effectiveness of Insulin Degludec (Degludec) in Real-
life Medical Practice (CONFIRM) - A Comparative Effectiveness Study of Degludec and
Insulin Glargine 300U/mL (Glargine U300) in Insulin-Naïve Patients with Type 2
Diabetes (T2D) J Tibaldi, S Haldrup, V Sandberg, M Wolden, H Rodbard

Switching to Insulin Glargine 300 U/mL (Gla-300) Improves Glycemic Control and
Reduces Nocturnal Hypoglycemia in Patients with Type 2 Diabetes (T2DM) on Basal
Insulin Supported Oral Therapy (BOT) J Seufert, A Fritsche, H Anderten, K Pegelow, S Pscherer, M

Pfohl

Efficacy and Safety of Faster Aspart Compared with Insulin Aspart Both with Insulin
Degludec in Adults with T1D
Hypoglycemia with Mealtime Fast-Acting Insulin Aspart vs. Insulin Aspart Across Two
Large Type 1 Diabetes Trials C De Block, A Carlson, L Rose, T Gondolf, A Gorst-Rasmussen, W Lane

Chronic Kidney Disease (CKD) and Risk of Mortality, Cardiovascular (CV) Events, and
Severe Hypoglycemia in Type 2 Diabetes (T2D) - DEVOTE Results A Amod, S Emerson, S

Marso, D Mcguire, T Pieber, R Pop-Busui, R Pratley, B Zinman, M Hansen, T Jia, T Mark, N Poulter

Corporate Symposium: The Right Recipe for Achieving Postprandial Glucose Control - To
Inhale or Inject? (Sponsored by MannKind)

Challenges in Achieving Prandial Glucose Control Jeremy Pettus, MD (UCSD, San Diego, CA);

Richard Pratley, MD (Florida Hospital, Orlando, FL); Satish Garg, MD (University of Colorado, Denver, CO);

Dhiren Paten, PharmD (MCPHS University, Boston, MA)

Corporate Symposium: Multi-Mechanistic, Insulin-Based Approaches for Achieving A1c/PPG
Targets and Optimizing Safety in Challenging Patients with Type 2 Diabetes (Sponsored by
Sanofi)

Physiologic Basis and Practical Rationale for Fixed-Ratio Insulin/GLP-1 Agonist
Combinations Vivian Fonseca, MD (Tulane University, New Orleans, LA)

Advanced Basal Insulin Options and Improving Outcomes in T2D Lawrence Blonde, MD

(Ochsner Medical Center, New Orleans, LA)

Treatment Algorithms and Strategies
Symposium: Management of Hyperglycemia in Type 2 Diabetes

Draft ADA/EASD Consensus Report 2018 Melanie Davies, PhD (University of Leicester, UK);

Apostolos Tsapas, MD (Aristotle University of Thessaloniki, Greece); Judith Fradkin, MD (NIDDK, Silver

Springs, MD); Peter Rossing, MD (Steno Diabetes Center, Copenhagen, Denmark); Deborah Wexler, MD (MGH,

Boston, MA); Geltrude Mingrone, MD (UNICATT, Milan, Italy); Walter Kernan, MD (Yale University, New

Haven, CT); David D'Alessio, MD (Duke University, Durham, NC); Chantal Mathieu, MD (UZ Leuven, Belgium);

John Buse, MD (University of North Carolina, Chapel Hill, NC)

Symposium: The Veterans Affairs Diabetes Trial (VADT) at 15 Years
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Long-Term Results and Independent Commentary Peter Reaven, MD (University of Arizona

College of Medicine, Phoenix, AR); Nicholas Emanuele, MD (Loyola University, Chicago, IL); Hertzel Gerstein,

MD (McMaster University, Hamilton, Ontario)

Symposium: Diabetes is Primary

Cardiovascular Risk and Treatment Options - Primary Care Successes Mikhail Kosiborod,

MD (St. Luke's Mid America Heart Institute, Kansas City, MO)

What's New in the Standards of Medical Care in Diabetes? Amy Butts (Weirton Medical

Center, Weirton, WV)

Symposium: First-Line Treatment for T2D

Should Metformin Remain the First-Line Therapy for Type 2 Diabetes? Vanita Aroda, MD

(Brigham and Women's Hospital, Boston, MA); Alice Cheng, MD (University of Toronto, Canada)

Symposium: New-Onset Type 2 Diabetes in the Youngest and the Oldest

New-Onset Type 2 Diabetes Among the Elderly Hermes Florez, MD (University of Miami, FL)

Oral Presentations: Updates from Type 2 Diabetes Trials

Durable HbA1c Reduction with Initial Combination Therapy with Metformin/
Pioglitazone/Exenatide in Subjects with New-Onset Diabetes - Six-Year Follow-Up of the
EDICT Study Muhammad Abdul-Ghani, MD (University of Texas Health Science Center, San Antonio,

TX)

Comparing Treatment Strategies for Patients with Very Elevated HbA1c - A Randomized
Trial Marconi Abreu, MD (UT Southwestern Medical Center, Dallas, TX)

Oral Presentations: The Impact of Diabetes Interventions and Behaviors on Outcomes

Evaluation of Treatment Persistence in Individuals with Type 2 Diabetes in a Real-World
Setting Lisa Latts, MD (IBM Watson Health, Cambridge, MA)

Oral Presentations: Prediction and Prevention of Cardiovascular Disease

A Cost Analysis of Intensified vs. Conventional Multifactorial Therapy of Patients with
Type 2 Diabetes - The Steno 2 Study Joachim Gaede (University of Copenhagen, Denmark)

Oral Presentations: Enhancing the Use of Diabetes Prevention and Cardiovascular Risk
Factor Control

New 2017 ACC/AHA Hypertension Guidelines - Cost-Effectiveness among US Adults with
Type 2 Diabetes Hui Shao, PhD (CDC, Atlanta, GA)

A Comparison of the Impact of the 2017 ACC/AHA Hypertension Guidelines on Primary
Care Populations With and Without Diabetes JoAnn Sperl-Hillen, MD (HealthPartners Institute,

Bloomington, MN)

Oral Presentations: Dynamic Approaches to Improve Glycemic Control and Primary Diabetes
Care

Influence of Diabetes Complications on the Cost-Effectiveness of A1c and Treatment
Goals in Older US Adults Hui Shao, PhD (Tulane University, New Orleans, LA)

Novel Therapies
Oral Presentations: Preventing and Treating Hypoglycemia

A Phase 3 Comparison of a Novel Liquid Glucagon Autoinjector to Glucagon Emergency
Kit for the Symptomatic Relief of Severe Hypoglycemia Mark Christiansen, MD (Diablo

Clinical Research, Walnut Creek, CA)
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BioChaperone Glucagon, a Stable Ready-to-Use Liquid Glucagon Formulation, Is Well
Tolerated and Quickly Restores Euglycemia after Insulin-Induced Hypoglycemia

Gregory Meiffren, PhD (Adocia, Lyon, France)

Oral Presentations: Hypoglycemia - Reducing the Risk

Low Doses of Dasiglucagon Consistently Increase Plasma Glucose Levels in Hypoglycemia
and Euglycemia in People with Type 1 Diabetes Ulrike Hövelmann, MD (Profil Institute, Neuss,

Germany)

Oral Presentations: Emerging Targets for Diabetes Treatment

Glucagon Receptor Antagonist LGD-6972 Significantly Lowers HbA1c and Is Well
Tolerated after 12-Week Treatment in Patients with Type 2 Diabetes on Metformin

Jeremy Pettus, MD (UCSD, San Diego, CA)

MEDI0382, a GLP/Glucagon Receptor Dual Agonist, Significantly Reduces Hepatic Fat
Content in Subjects with Type 2 Diabetes Mellitus Meena Jain, MD (MedImmune, Cambridge,

UK)

Effects of MEDI0382 on Pancreatic and Incretin Hormones Victoria Parker, PhD

(MedImmune, Gaithersburg, MD)

Fourteen-Day Study of Praliciguat, a Soluble Guanylate Cyclase Stimulator, in Patients
with Diabetes and Hypertension John Hanrahan, MD (Ironwood, Cambridge, MA)

Novel Combination of a Long-Acting GLP-1/GIP/Glucagon Triple Agonist (HM15211) and
Once-Weekly Basal Insulin (HM12460A) Offers Improved Glucose Lowering and Weight
Loss in a Diabetic Animal Model Jung Kuk Kim, PhD (Hanmi Pharmaceutical, Seoul, South Korea)

BZ043, a Novel Amylin Analog, in a Fixed Combination with Insulin Glargine -
Nonclinical Results Caio Nascimento (Biozeus Biopharmaceutical, Rio de Janeiro, Brazil)

Oral Presentations: Targeting Beta Cell Apoptosis and Death

Novel Small Molecule TXNIP Inhibitor Protects against Diabetes Lance Thielen (University

of Alabama, Birmingham, AL)

Imeglimin Protects INS-1 Cells and Human Islets against High Glucose- and High
Fructose-Induced Cell Death by Inhibiting the Mitochondrial PTP Opening Sandrine

Lablanche, MD (Grenoble Alpes University Hospital, La Tronche, France)

Oral Presentations: Prediction and Prevention of Cardiovascular Risk

Serum Fibroblast Growth Factor-21 Is Related to Atherosclerosis Independent of
Nonalcoholic Fatty Liver Disease and Predicts Incident Atherosclerotic Cardiovascular
Diseases Liang Wu, MD (Shanghai Jiao Tong University, Shanghai, China)

Oral Presentations: New Insights into Lipid and Lipoprotein Alterations in Patients with
Diabetes

Inclisiran Lowers LDL-C and PCSK9 Irrespective of Diabetes Status without Worsening
Glycemia Lawrence Leiter, MD (University of Toronto, Canada)

Oral Presentations: G is for GLP, GIP, and Glucagon - a NOD to the Gut-Liver Axis

Postprandial Effects of Individual and Combined GIP and GLP-1 Receptor Antagonization
in Healthy Subjects

Oral Presentations: Alphabet Soup - GABA, FGF, ERa - Recipe for Central Nervous System
Control of Metabolic Homeostasis and Diabetes Remission

State-of-the-Art Lecture: Metabolic Impact of the Central Nervous System in Rodents and
Humans Tony Lam, PhD (University of Toronto, Canada)
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Oral Presentations: Adipose Differentiation and Function

GIP Signaling Integrates with Insulin Signaling to Regulate Glucose and Lipid
Metabolism in Human Adipocytes William C. Roell, PhD (Lilly, Indianapolis, IN)

Symposium: Hepatokines and Metabolic Regulation - A Liver-Centric Point of View

New Insights into the Physiology and Pharmacology of FGF-21 Steven Kliewer, PhD

(University of Texas Southwestern Medical Center, Dallas, TX)

Symposium: Exploring the Next Frontier in Diabetes Pharmacology

The Dual/Triple Peptides - Premise, Technologies, and Clinical Promise Richard

DiMarchi, PhD (Indiana University, Bloomington, IN)

Symposium: Exploring the Next Frontier in Diabetes Pharmacology

"Smart" (Gluco-Sensing) Insulins - Nanotechnology and Other Approaches Arturo Vegas,

PhD (Boston University, MA)

Stretching It Out - Very-Long-Acting Agents and Implantable Technologies for Drug
Delivery in Diabetes Carlos Alvarez, PharmD (Texas Tech University, Lubbock, TX)

Posters

Duodenal Mucosal Resurfacing Elicits Improvement in Glycemic and Hepatic Parameters
in Type 2 Diabetes: 1 Year Multicenter Study Results ACG van Baar, M Nieuwdorp, F

Holleman, J Deviere, L Crenier, R Haidry, R Batterham, D Hopkins, L Rodriguez-Grunert, M Galvao-Neto, P

Vignolo, G Costamagna, JJGHM Bergman

Results of an Interim Analysis of a Phase 2, Randomized, Double-Blind, Placebo-
Controlled Clinical Trial of ZGN-1061 in Patients with Obesity and Type 2 Diabetes T

Kim, D Zhuang, T Hughes, D Kim, K Taylor

Individual and Combined Glucose-Lowering Effects of Glucagon Receptor Antagonism
and Sodium-Glucose Cotransporter 2 Inhibition S Haedersdal, A Lund, H Maagensen, E

Nielsen-Hannerup, J Holst, F Knop, T Vilsbøll

Product Theaters

Praluent (Alirocumab) Injection - The Time to Treat Is Now (Sponsored by Sanofi/
Regeneron) Kenneth Feingold, MD (UCSF, San Francisco, CA)

Criticality of LDL-C Lowering in Patients with Diabetes Mellitus (Sponsored by Amgen)
Paul Jellinger, MD (University of Miami, FL)

Automated Insulin Delivery, Pumps, and Pens
Oral Presentations: Clinical Trials in Type 1 Diabetes

Safety and Performance of the Omnipod Hybrid Closed-Loop System in Adults with Type
1 Diabetes over Five Days Under Free-Living Conditions Bruce Buckingham, MD (Stanford

University, Palo Alto, CA)

Insulin-plus-Pramlintide Artificial Pancreas in Type 1 Diabetes-Randomized Controlled
Trial Ahmad Haidar, PhD (McGill University, Canada)

Twelve-Week Home Use of Hybrid Closed-Loop Insulin Delivery System vs. Sensor-
Assisted Pump Therapy in Adults with Type 1 Diabetes-Intermediate Results of the
Multicenter Randomized Crossover Diabeloop WP7 Trial Sylvia Franc, MD (Centre

Hospitalier Sud-Francilien, France)

Real-World Data from the MiniMed 670G System Commercial Launch-Patients
Previously Using MDI Therapy Scott Lee, MD (Medtronic Diabetes, Northridge, CA)
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Oral Presentations: Innovations in Insulin Formulation and Delivery

Human Regular U-500 Insulin via Continuous Subcutaneous Insulin Infusion vs.
Multiple Daily Injections in Adults with T2D-The VIVID Study-All Randomized
Population George Grunberger, MD (Grunberger Diabetes Institute, Bloomfield Township, MI)

Fully Closed-Loop Glucose Control in Noncritical Care Settings-A Randomized,
Controlled Two-Center Study Lia Bally, MD, PhD (Inselspital Bern University Hospital, Switzerland)

Improvements in A1c and Time-in-Range in DIY Closed-Loop (OpenAPS) Users Dana

Lewis (OpenAPS, Seattle, WA)

Oral Presentations: Preventing and Treating Hypoglycemia

Differential Effects of the Insulin-Only and Bihormonal Configurations of the Bionic
Pancreas on Mean Glucose and Hypoglycemia during the Daytime and Nighttime

Courtney Balliro (Massachusetts General Hospital, Boston, MA)

Oral Presentations: From Progression to Management in Type 1 Diabetes-What Is New?

Overnight to Early-Morning Glycemic Outcomes in Children Using the MiniMed 670G
Hybrid Closed-Loop (HCL) System Gregory Forlenza, MD (Barbara Davis Center for Diabetes,

Aurora, CO)

Oral Presentation: Effects of Exercise on Metabolic Health in Type 1 and Type 2 Diabetes
(With ADA Presidents' Select Abstract)

Reducing Basal Insulin 90 Minutes Before Exercise Protects Against Hypoglycemia Better
than Insulin Suspension at Exercise Onset in T1D-The OmniTIME Results Dessi

Zaharieva (York University, Toronto, Canada)

Posters

OneTouch Via (Calibra Finesse): Comparing Patch vs. Pen Bolus Insulin Delivery in Type
2 Diabetes Using Continuous Glucose Monitoring Metrics and Profiles (73-LB);
Optimizing Basal-Bolus Therapy in T2D: A Randomized Controlled Trial Comparing
Bolus Insulin Delivery Using an Insulin Patch vs. an Insulin Pen (987-P); User- and
Healthcare Provider-Reported Outcomes for a Wearable Bolus Insulin Delivery Patch
(995-P) ML Johnson et al.; RM Bergenstal et al.; M Peyrot et al.

Safety and Performance of the Omnipod Hybrid Closed-Loop System in Adolescents
(1376-P) and Children 6-12 Years (1377-P) with Type 1 Diabetes over Five Days Under
Free-Living Conditions Jennifer Sherr, Gregory P. Forlenza, Bruce Buckingham, Thomas A. Peyser,

Joon Bok Lee, Jason B. Oconnor, Bonnie Dumais, Lauren M. Huyett, Jennifer E. Layne, Trang T. Ly, New Haven,

CT, Aurora, CO, Palo Alto, CA, Billerica, MA

Artificial Pancreas with Glucose Prediction Trust Index Improves Time in Target Glucose
Range vs. Sensor-Augmented Pump Therapy (961-P) JE Pinsker, AJ Laguna-Sanz, MM

Church, JB Lee, LE Lindsey, C Andre, FJ Doyle, E Dassau

Assessment of Infusion Set Survival of the Newly Developed Lantern Catheter in Type 1
Diabetes by Glucose Clamp Technique (89-LB) A Ajsic, M Krasser, R Juliussen, P Schøndorff, M

Heschel, T Póttier, T Augustin, T Pieber, G Treiber, and J Mader

Three OpenAPS Posters: "Autosensitivity" Feature (79-LB); OpenAPS in Korea (964-P);
OpenAPS in Italy (993-P) D Lewis et al. (79-LB); SB Choi et al. (964-P); V Provenzano et al (993-P).

Late and Missed Meal Boluses with Multiple Daily Insulin Injections (992-P) L

Norlander, L Ekhlaspour, B Buckingham, L Hsu, S Loebner, G O'Malley, C Levy, D Lam, S Ogyaadu, S Anderson,

J Robic, M Breton

Trends in Insulin Pen Priming (83-LB) G O'Malley, S Ogyaadu, D Lam, L Norlander, J Robic, C

Levister, S Anderson, L Hsu, S Lobner, L Ekhlaspour, M Breton, B Buckingham, C Levy
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Functionality Evaluation of Investigational Continuous Subcutaneous Insulin Infusion
(CSII) Set vs. Commercially Available Sets-Assessment of 3D Volume and Surface Area
over Eight Days (980-P)
Glucose Control Using a Standard vs. an Enhanced Hybrid Closed-Loop System: A Pilot
Study (986-P) B Paldus, MH Lee, HM Jones, SA McAuley, JC Horsburgh, KL Roem, GM Ward, RJ

MacIsaac, N Cohen, PG Colman, AJ Jenkins, DN O'Neal

Effect of Medicare (CMS) Insulin Pump Policies in T1D (974-P) N Argento, J Liu, A Hickey,

E Gautschi, A Mcauliffe-Fogarty

Symposium: The Diabetes Do-It-Yourself (DIY) Revolution

The Diabetes DIY Technology Revolution-How Patients Are Changing the Innovation
Pipeline and Care Jason Wittmer, MD (Mercy Medical Center, Des Moines, IA)

The Data Behind DIY Diabetes-Opportunities for Collaboration and Ongoing Research
Dana Lewis (OpenAPS, Seattle, WA)

The Front Lines of DIY Diabetes - State of the State and Closing the Loop Joyce Lee, MD

(University of Michigan, Ann Arbor, MI)

Special Event: JDRF/NIH/HCT Closed-Loop Research Meeting

Year in Review John Lum, MS (Jaeb Center for Health Research, Tampa, FL)

Update on JDRF Open Protocol Initiative Aaron Kowalski, PhD (JDRF, New York, NY)

Mini Symposium: Understanding Hybrid Closed Loop Pump

What Patients Need to Know Laurel Messer (Barbara Davis Center, Aurora, CO)

What Clinicians Need to Know Elizabeth Doyle, DNP (Yale University, New Haven, CT)

Symposium: Artificial Pancreas and Decision Support Approaches

Continuous Glucose Monitoring-Based Decision Support for Type 1 Diabetes Marc

Breton, PhD (University of Virginia, Charlottesville, VA)

Advanced Treatments for Type 1 Diabetes-Adapting to Meals and Exercise Jessica Castle,

MD (Oregon Health & Science University, Portland, OR)

Automated Adjustment of Basal-Bolus Insulin Therapy Using Run-to-Run Control and
Case-Based Reasoning Pau Herrero-Viñas, PhD (Imperial College London, London, United Kingdom)

Symposium: Joint ADA/JDRF Symposium - Current Management of Type 1 Diabetes in Youth
- What Are the Options?

Insulin Therapy in Youth with Type 1 Diabetes Mellitus - Multiple Daily Injections or
Continuous Subcutaneous Insulin Infusion? Hood Thabit, MD, PhD (Manchester University

Hospitals NHS Foundation Trust, Manchester, England)

Symposium: Innovative Strategies to Improve the Inpatient Experience

Patients' Own Diabetes Devices―To Wear or Not to Wear? Donna Jornsay (Mills-Peninsula

Medical Center, Burlingame, CA)

Product Theaters

The Omnipod Dash System-Simplifying Insulin Delivery for Your Patients and Practice
(Presented by Insulet) Trang Ly, MBBS, PhD (Insulet Corporation, Boston, MA)

MiniMed 670G System-Increasing Time In Range with Automated Insulin Delivery
(Presented by Medtronic) Jennifer Sherr, MD, PhD (Yale University School of Medicine, New Haven,

CT), Anders Carlson, MD (International Diabetes Center, Minneapolis, MN)

Diabetes Mine D-Data Exchange
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SOOIL to Submit to FDA with Open Protocol Dana Pump Designed Around Needs of DIY
Community; Potential OpenAPS Inclusion? Justin Walker (SOOIL, New Zealand)

Medtronic Diabetes ADA Analyst Briefing

MiniMed 670G Performance Guarantee
MiniMed 670G CE Mark
Pipeline Updates: Non-Adjunctive CGM, No-Calibration CGM
Guardian Connect Pricing and Telehealth/Remote Monitoring

CGM and BGM
Oral Presentations: Glucose Monitoring-Advances, Pitfalls, and Clinical Relevance

Efficacy of a Novel Interim Intervention Technique (IIT) with Retrospective Flash
Glucose Monitoring to Improve Glycemic Control Akshay Jain, MD (LMC Diabetes and

Endocrinology, Toronto, Canada)

Real-World Assessment of Sugar.IQ with Watson-A Cognitive Computing-Based Diabetes
Management Solution Huzefa Neemuchwala, PhD (Medtronic Diabetes, Northridge, CA)

First Assessment of the Performance of an Implantable CGM System through 180 Days in
a Primarily Adolescent Population with Type 1 Diabetes Ronnie Aronson, MD (LMC Diabetes

and Endocrinology, Toronto, Canada)

Continuous Glucose Monitoring-Overview, Key Learnings to Date, Appropriate
Candidates, and Special Circumstances Irl Hirsch, MD (University of Washington, Seattle, WA)

and Anne Peters, MD (University of Southern California, Los Angeles, CA)

Practical Considerations for Implementing Continuous Glucose Monitoring in the Clinical
Setting Davida Kruger (Henry Ford Health System, Detroit, MI)

Best Practices for Interpreting Continuous Glucose Monitoring Data Richard Bergenstal,

MD (International Diabetes Center, Minneapolis, MN)

Posters

Fourth-Generation Glucose Sensor with an Advanced Algorithm Featuring No
Calibrations and Optional Calibration Modes of Operation (936-P) Taly Engel, Peter

Ajemba, Jeffrey Nishida, Keith Nogueira, Benyamin Grosman, Andy Tsai, Yunfeng Lu, Ashley Sullivan, Andrea

Varsavsky, Northridge, CA

Accuracy Evaluation of the WaveForm Cascade CGM System Vs Dexcom G5 Sensors
(81-LB) M Rebec, E Anderson, R Dutt-Ballerstadt, A Haider, A Janez

Associations between A1C and Continuous Glucose Monitoring-Derived Glycemic
Parameters (899-P) P Calhoun, T Johnson, J Welsh, T Walker, D Price

Cost Calculation and Adherence to ADA Recommendations Based on a Flash Continuous
Glucose Monitoring System for People with T1DM or T2DM Using MDI Therapy (69-LB)

R Hellmund

A Meta-analysis of Real-World Observational Studies on the Impact of Flash Glucose
Monitoring on Glycemic Control as Measured by HbA1c (72-LB) A Seibold, S Ells, C

Schlaeger, Z Welsh

Budget Impact Analysis of Self-Monitoring of Blood Glucose vs. Flash-Continuous
Glucose Monitoring in Intensive Insulin Users with Diabetes Type 2 Covered by Medicare
and Medicaid (142-LB)
M Stueve and Y Zoellner
Sustained CGM Use in Low Income Youth Following Insurance Coverage (1390-P) P

Prahalad, B Buckingham, D Wilson, and D Maahs
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Real-World Flash Glucose Monitoring in a Developing Country (75-LB) LE Calliari, Y Xu,

S Jangam, G Hayter, T Dunn

Predicting Future Glucose Fluctuations Using Machine Learning and Wearable Sensor
Data (738-P) C Panagiotopoulos, A Hayeri

A Wireless, Integrated, Extremely Miniaturized Continuous Glucose Monitoring System
(930-P) M Mujeeb-U-Rahman, M Nazari, M Sencan

Use of the New Smartphone Application for Blood Glucose Monitoring (BGM) with
Information-Motivation-Behavioral Skills (IMB) Model Has an Impact on Diabetes
Control Parameters (925-P) S Pardo, S Zhuplatov, J Wallace, T Bailey

Adults with Type 1 Diabetes (T1D) Using Continuous Glucose Monitoring (CGM) Report
Disease Has Little Impact on Daily Functioning-T1D Exchange (932-P) L Fan, C Garey, J

Liu, B Mitchell, J Bispham, A McAuliffe-Fogarty

Three DarioHealth Posters in Type 2s: Reduction in Hyperglycemia (76-LB); Decrease in
Severe Hyperglycemia (77-LB); Decline in Average Blood Glucose (78-LB) Y Hershcovitz,

S Dar, E Feniger

Oral Presentations: From Progression to Management in Type 1 Diabetes-What Is New?

Timing of CGM Initiation in Pediatric Diabetes-The CGM TIME Trial Margaret Lawson,

MD (Children's Hospital of Eastern Ontario, Ottawa, Canada)

Data, Data, Everywhere and Not a Pattern to Be Found (Sponsored by the Helmsley
Charitable Trust)

Ambulatory Glucose Profile (AGP) - The Picture Says It All Mary Johnson (Park Nicollet

International Diabetes Center, St. Louis Park, MN)

Professional Continuous Glucose Monitoring - Avoiding Pitfalls and Optimizing
Outcomes Patricia Knutsen (Washington University School of Medicine, St. Louis, MO)

Blood Glucose Meter - Interpreting Clinical Data Alison Evert (University of Washington

Neighborhood Clinics, Seattle, WA)

Symposium: Joint ADA/JDRF Symposium - Current Management of Type 1 Diabetes in Youth
- What Are the Options?

Monitoring Glycemia in Youth with Type 1 Diabetes Mellitus-Meter Blood Glucose,
Continuous Glucose Monitoring, or Both? Gregory Forlenza, MD (Barbara Davis Center, Aurora,

CO)

To Share or Not to Share, Do Teens Care? Korey Hood, PhD (Stanford University, Stanford, CA)

Corporate Symposium: FreeStyle Libre Flash Continuous Glucose Monitoring System -
Clinical, Real-World, and Patient Perspectives (Sponsored by Abbott)

Insights from Real World Use of Flash Continuous Glucose Monitoring Ramzi Ajjan, MD

(University of Leeds, UK)

Use of Flash Glucose Monitoring and the Ambulatory Glucose Profile in Clinical Practice
Irl Hirsch, MD (University of Washington, Seattle, WA)

SELFY & IMPACT: Improved Clinical Outcomes in Teens and Young Adults Kurt

Midyett, MD (St. Luke's Hospital, Overland Park, KS)

Patient Perspectives on Flash Glucose Monitoring Kelly Close, MBA (Close Concerns, San

Francisco, CA)

Corporate Symposium: The Rhythm of CGM (Sponsored by Dexcom)

Panel Discussion Moderated by Dr. Max Gomez (CBS News Medical Correspondent, New York).

Panelists: Lori Laffel, MD (Joslin Diabetes Center, Boston, MA); Nick Oliver, MD (Imperial College, London,
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UK); Davida Kruger (Henry Ford Health System, Detroit, MI); Patricia Gaye Knutsen (Barnes Jewish Hospital

Diabetes Center, Saint Louis, MO).

Diabetes Mine D-Data Exchange

FDA's Dr. Courtney Lias on iCGM pathway, AID integration Courtney Lias, PhD (FDA, Silver

Springs, MD)

Standing Ovation for Dr. Anne Peters Access Work at D-Data Exchange Anne Peters, MD

(USC, Los Angeles, CA)

Symposium: Using Continuous Glucose Monitoring and Smart Devices to Control Glucose
when It Matters Most

Intensive Glycemic Treatment during Pregnancy Helen Murphy, MD (University of East Anglia,

Norwich, United Kingdom)

Closed-Loop Systems for Type 1 Diabetes in Youth-Children Are Not Just Small Adults
Jennifer Sherr (Yale University School of Medicine, New Haven, CT)

Symposium: Diabetes Is Primary

What Every PCP Needs to Know about Diabetes Technology in 2018 and Beyond James

Chamberlain, MD (St. Mark's Hospital & Diabetes Center, Millcreek, UT)

Symposium: Should All Pregnant Women with Type 1 Diabetes Use Continuous Glucose
Monitoring from Planning Pregnancy until after Breastfeeding?

Pro and Con Denice Feig, MD (Mt. Sinai Hospital, New York, NY), Elisabeth Mathiesen, MD (Center for

Pregnant Women with Diabetes, Denmark)

Product Theaters

Introducing the New Dexcom G6-Simple, Accurate, Effective (Presented by Dexcom)
Keri Leone, MS and Jake Leach (Dexcom, Inc., San Diego, CA)

Introducing a New Era in Glucose Monitoring-The Eversense Continuous Glucose
Monitoring System (Presented by Senseonics) Katherine Tweden, PhD (VP Clinical Sciences,

Senseonics), Steve Edelman, MD (UCSD, San Diego, CA), Tim Bailey, MD (AMCR Institute, San Diego, CA), and

Tobias Schulte (Eversense User, Germany)

The Guardian Connect Continuous Glucose Monitoring System-Utilizing Predictive Alerts
and Data Backed Insights to Help with Diabetes Management (Presented by Medtronic)

Huzefa Neemuchwala, PhD, MBA (Medtronic Diabetes, Northridge, CA) and Tim Bailey, MD (AMCR

Institute, San Diego, CA)

Digital Health and Connected Care
Oral Presentations: Nutrition 2018-New Data, New Perspectives

Continuous Remote Care Model Utilizing Nutritional Ketosis Improves Type 2 Diabetes
Risk Factors in Patients with Prediabetes Amy McKenzie, PhD (Virta Health, San Francisco, CA)

Acute Insulin Secretory Effects of a Classic Ketogenic Meal in Healthy Subjects Simona

Bertoli, MD, PhD (University of Milan, Italy)

Symposium: Online and Mobile Support - Wading through the Noise

Can Diabetes Apps Make Our Lives Easier? Adam Brown, BS (Close Concerns, San Francisco, CA)

Posters

Cost Savings Associated with Digitally Enhanced Insulin Therapy (1326-P) I Hodish, S

Bisgaier, E Unger, M Austin

www.closeconcerns.com 19



A Machine-Learning Model Accurately Predicts Projected Blood Glucose (46-LB)
Daniel R. Goldner, Chandra Y. Osborn, Lindsay E. Sears, Brian Huddleston, Jeff Dachis, Minnetonka, MN,

Nashville, TN, Austin, TX, New York, NY

Reduction of Diabetes and Cardiovascular Risk in a Workforce Through Biometric
Screening and Digital Behavioral Counseling (62-LB) C Birse, R Lagier, P Chew, C Jasik, and E

Madero

Virtual Diabetes Prevention Program: Effects on Medicare Advantage Healthcare Costs
and Utilization (45-LB) V Chiguluri, D Barthold, R Gumpina, C Castro Sweet, J Pieratt, T Cordier, R

Matanich, A Renda, and T Prewitt

Enabling Self-Management for Type 2 Diabetes (50-LB) JB Hernandez, AA Lee, S Robertson,

C Silver, A Majithia

Effect of Remote Glucose Monitoring Utilizing Computerized Insulin Dose Adjustment
Algorithms on A1c Levels: A Preliminary Report (900-P) MB Davidson, SJ Davidson

Use of Big-Data Algorithms to Characterize Patients with T2D on Basal Insulin (BI) Who
Add a Glucagon-Like Peptide-1 Receptor Agonist (GLP-1 RA) and Predict Their A1C
Response (100-LB) E Zimmermann, A Lenart, J Diogo Da Rocha Fernandes, S Eggert, and M Ranthe

Cost Savings Associated with Usage and Blood Glucose Control for Members of the
Livongo for Diabetes Program (1330-P) J Bollyky, W Lu, J Schneider, C Whaley

Are Complications Preventable with Periodic Education via Telemedicine? A Study of 414
Compliant T2D Patients Followed Up for 19 Years (685-P) J Kesavadev, A Shankar, A David,

G Krishnan, N Ajai, G Sanal, J Ajith, S Jayanthi, L Ramachandran, S Jothydev

Comparison of E-Consults and Face-to-Face Care on Costs and Glycemic Control among
Veterans with Type 2 Diabetes Mellitus (137-LB) N Karajgikar, K Detoya, J Beattie, S Lutz-

McCain, M Boudreaux-Kelly, A Bandi

Text Message Responsiveness to BG Monitoring Reminders Improves A1c in Teens with
Type 1 Diabetes (161-LB) DE McGill, LK Volkening, DA Butler, CJ Gonynor, WL Levy, RM

Wasserman, BJ Anderson, LM Laffel

A Novel Economic Analysis Applied to Innovative Diabetes Digital Health Intervention
Demonstrates Significant Financial Benefits (1317-P) ME Shomali, AK Iyer, BT Griffin, MM

Peeples

Symposium: Effectiveness of Telemedicine in Underserved Communities

Project Extension for Community Health Outcomes (ECHO)-Diabetes Education and
Training Evan Klass, MD (University of Nevada Reno School of Medicine, Reno, NV)

Success of Telehealth Eye Care in Indian Health Service Mark Horton, MD (Indian Health

Service, Flagstaff, AZ)

Symposium: Diabetes Prevention, Care, and Education in the Digital Age

Preventing Type 2 Diabetes in the Digital Age―The National Diabetes Prevention
Program Ann Albright, PhD (Centers for Disease Control and Prevention, Atlanta, GA)

Future Research/Concluding Remarks Judith Fradkin, MD (NIDDK, Bethesda, MD)

Diabetes Mine D-Data Exchange

One Drop to Launch 12-Hour Glucose Prediction for T2 Non-Insulin Users In 3Q18 (Very
Cool) 860,000 users globally Dan Goldner, PhD (One Drop, New York, NY)

Product Demo Highlights: Ascensia Challenge winner Whisk (AI nutrition platform);
Spike CGM app floors audience; Many More

Oral Presentations: Innovations in Insulin Formulation and Delivery
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Digitally Enhanced Insulin Therapy-A Multicenter Clinical Trial Israel Hodish, MD, PhD

(University of Michigan, Ann Arbor, MI)

Beyond A1c and Hypoglycemia
Symposium: Beyond HbA1c in Pediatric Diabetes-Is It Time to Look at Other Outcomes?
(Supported by a grant from The Leona M. and Harry B. Helmsley Charitable Trust)

It Is Time to Incorporate Other Glycemic Outcomes Roy Beck, MD, PhD (Jaeb Center for

Health Research, Tampa, FL)

Symposium―Refining Measurement of A1C―Do We Know What It Means?

What A1C Results Don't Tell You (about Risk for Complications) Richard Bergenstal, MD

(International Diabetes Center, Minneapolis, MN)

Posters

The Relationship Between Hypoglycemia and A1c in the DiaMonD (7-LB) and HypoDE
(9-LB) Studies M Reddy et al. (7-LB); N Oliver et al. (9-LB)

Associations between A1C and Continuous Glucose Monitoring-Derived Glycemic
Parameters (899-P) P Calhoun, T Johnson, J Welsh, T Walker, D Price

Glycemic Variability Associated with Time Spent in Hypoglycemia in Type 1 Diabetes:
Explorative Data in Real-World Real-Time Continuous Glucose Monitoring (80-LB) E

Hachmann-Nielsen, T Bartholdy, CB Djurhuus, K Kvist

Nasal Glucagon Budget-Impact Model Shows Reduced Healthcare Payer Costs for Severe
Hypoglycemia Due to Emergency Care Costs Savings (138-LB) BD Mitchell, J Pohlmann, B

Osumili, S Bajpai, WJ Valentine

Incidence of Hypoglycemia Events in a Large, Real-World Diabetes Population (406-P)

Mini-Symposium: Special Topics in Hypoglycemia

Economic Impact of Severe Hypoglycemia Philip McEwan, PhD (Health Economics and Outcomes

Research Ltd., Swansea, UK)

New Definition of Hypoglycemia-Why Does It Matter? Simon Heller, MD (University of

Sheffield, Sheffield, United Kingdom)

Oral Presentations: Glucose Monitoring-Advances, Pitfalls, and Clinical Relevance

What Is the Role of A1C in Comorbidities? Jordan Perlman, MD (University of Washington,

Seattle, WA)

Oral Presentations: Preventing and Treating Hypoglycemia

Predictors of Hypoglycemia Avoidance in a Randomized Controlled rtCGM Trial
(HypoDE) Norbert Hermanns (Research Institute Diabetes Academy Mergentheim, Bad Mergentheim,

Germany)

Symposium: The Many Faces of Hypoglycemia - Impact on Patient Health and Well-Being

The Link between Hypoglycemia and Arrhythmias Simon Fisher, MD (University of Utah, Salt

Lake City, UT)

Impact of Hypoglycemia on Patient-Reported Outcomes and Quality of Life Linda

Gonder-Frederick, PhD (University of Virginia, Charlottesville, VA)

Symposium: Joint ADA/AACC Symposium―Refining Measurement of A1C―Do We Know
What It Means?

Assessment of A1C in Patients with Hemoglobin Disorders David Sacks, MB (National

Institutes of Health, Bethesda, MD)
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Should A1C Targets Differ among Ethnic Groups? Robert Cohen MD (University of Cincinnati

College of Medicine, Cincinnati, OH)

Symposium: Clinical Centers and Programs Session

Multidisciplinary Team's Approach to Reduce Inpatient Insulin-Related Hypoglycemia
Celeste Thomas, MD (University of Chicago, IL)

Joint ADA/EASD Symposium: Central Control of Glucose Homeostasis

Central Glucose Sensing in the Defense Against Hypoglycemia Bernard Thorens, PhD

(University of Lausanne, Switzerland)

Oral Presentations: Hypoglycemia - Reducing the Risk

Metaclopramide Restores the Sympathoadrenal Response to Hypoglycemia in a Novel
Model of HAAF Adriana Vieira de Abreu, PhD (University of Utah, Salt Lake City, UT)

Obesity, Prediabetes, and Remission
Oral Presentations: DiRECT Links between Hepatic Metabolism, Glucagon Action, and
Glucose Turnover

Pathophysiology of Remission in Type 2 Diabetes - The Diabetes Remission Clinical Trial
(DiRECT) Roy Taylor, MD (Newcastle University, UK)

Oral Presentations: Nutrition 2018 - New Data, New Perspectives

Baseline Predictors and Influence of Early Weight Loss during an Intensive Weight
Management Programme on Remission of Type 2 Diabetes after 12 Months - Post-Hoc
Analysis of the Diabetes Remission Clinical Trial (DiRECT) Michael Lean, MD (University of

Glasgow, UK)

Oral Presentations: The Impact of Diabetes Interventions and Behaviors on Outcomes

Lifestyle Interventions Lower CV Disease in Chinese Adults with IGT - 30-Year Follow-Up
of Da Qing Diabetes Prevention Study Qiuhong Gong, MD (Fuwai Hospital, Beijing, China)

Oral Presentations: Enhancing the Use of Diabetes Prevention and Cardiovascular Risk
Factor Control

Cost-Effectiveness of Structured Lifestyle Programs for Diabetes Prevention in the
Medicaid Population Michael Laxy, PhD (CDC, Atlanta, GA)

Oral Presentations: Adipose Browning and Energy Expenditure (With State-of-the-Art
Lecture)

State-of-the-Art Lecture: Identification and Function of Brown Adipose Tissue in
Humans Aaron Cypess, MD (NIH, Bethesda, MD)

Oral Presentations: Effects of Exercise on Metabolic Health in Type 1 and Type 2 Diabetes
(With ADA Presidents' Select Abstract)

ADA Presidents' Select Abstract: Maternal and Paternal Exercise Regulates Offspring
Metabolic Health and Beta Cell Phenotype Ana Wagner, PhD (Joslin Diabetes Center, Boston,

MA)

Symposium: The Restoring Insulin Secretion (RISE) Study in Youth and Adults

Baseline Data and Results of the Pediatric Medication Study David Ehrmann, MD

(University of Chicago, IL); Kristen Nadeau, MD (University of Colorado, Aurora, CO); Silva Arslanian, MD

(Children's Hospital of Pittsburg, PA); Philip Zeitler, MD (University of Colorado, Aurora, CO); John Buse, MD

(University of North Carolina, Chapel Hill, NC)
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Symposium: The National Diabetes Prevention Program- From Research to Practice to
National Policy

Status of the National Diabetes Prevention Program - From Access to Uptake Ann

Albright, PhD (CDC, Atlanta, GA)

Where Are We with Medicaid Coverage? Patricia Shea (CDC, Atlanta, GA)

Symposium: Steering the Right Course for Diabetes Management - Clinical Perspectives

What's Next After Metformin is the Wrong Question - Type 2 Diabetes Remission as a
New Treatment Paradigm Hertzel Gerstein, MD (McMaster University, Hamilton, Canada)

Symposium: Enhancing the Use of Diabetes Prevention and Cardiovascular Risk Factor
Control

Medicare Diabetes Prevention Program Final Rules May Limit Beneficiary Access and
Widen Health Disparities Natalie Ritchie, PhD (University of Colorado, Aurora, CO)

Symposium: Diabetes Prevention - What Are We Preventing?

Preventing Diabetes vs. Treating Prediabetes Leigh Perrault, MD (University of Colorado,

Denver, CO)

Symposium: Obesity in Type 1 Diabetes - An Evolving Challenge

Pharmacotherapy for Obesity in Type 1 Diabetes Jennifer Clements (Presbyterian College School

of Pharmacy, Clinton, SC)

Symposium: Unrecognized (Occult) Metabolic Conditions in Women with Gestational
Diabetes Mellitus that Predict Metabolic Complications Later in Life

Obesity during Pregnancy - Long-Term Cardiometabolic Consequences for Mother and
Child Susan Ozanne, PhD (University of Cambridge, UK)

Symposium: Defining a Healthy Diet - Do Fats or Carbohydrates Matter More?

It's All about the Fats! Allison Sylvetsky, PhD (George Washington University, Washington, DC)

It's All about the Carbs! Viswanathan Mohan, MD (Madras Diabetes Research Foundation, Chennai,

India)

Symposium: Genetics and Type 2 Diabetes in Youth

Metformin Response among Youth with Type 2 Diabetes - Impact of Ethnicity/Genes
Elvira Isganaitis, MD (Joslin Diabetes Center, Boston, MA)

Symposium: Ordering from the Weight Loss Menu in the Era of Precision Medicine for
Obesity

Predicting Obesity Using Genetic Information Ruth Loos, PhD (Mount Sinai School of Medicine,

New York, NY)

Symposium: Beta Cell De-Differentiation - True or False?

Beta-Cell Stress and De-Differentiation - Moving Beyond Semantics Mark A. Magnuson,

MD (Vanderbilt University, Nashville, TN)

Beta Cell De-Differentiation - One Way or Round Trip? Piero Marchetti, MD (University of

Pisa, Italy)

Mini-Symposium: Youth-Onset Type 2 Diabetes and Exercise - Outcomes and Challenges

Exercise Dose and Diabetes Risk in Children with Overweight/Obesity Catherine Davis,

PhD (Augusta University, GA)

Changing the School of Thought on Metabolic Health in Children by Creating an ACTIVE
Classroom Rebecca Hasson, PhD (University of Michigan, Ann Arbor, MI)
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Posters

Results of an Interim Analysis of a Phase 2, Randomized, Double-Blind, Placebo-
Controlled Clinical Trial of ZGN-1061 in Patients with Obesity and Type 2 Diabetes T

Kim, D Zhuang, T Hughes, D Kim, K Taylor

Weight loss among Adults with Type 2 Diabetes Mellitus Participating in the Diabetes
Prevention Program (DPP) (675-P) D Carpenedo, S Brokaw, S Tysk, J Fernandes, TS Harwell, SD

Helgerson, D Gohdes

Type 1 "Cure" Therapies and Pathophysiology
Symposium: Lessons Learned from the Environmental Determinants of Diabetes in the
Young (TEDDY) Study Supported by a Grant from The Leona M. and Harry B. Helmsley
Charitable Trust)

Insights into Early Autoimmune Type 1 Diabetes Jeffrey Krischer, PhD (University of South

Florida, Tampa, FL); Riitta Veijola, PhD (University of Oulu, Finland); Maria Lönnrot, MD (University of

Tampere, Finland); Jill Norris, PhD (Colorado School of Public Health, Denver, CO)

Symposium: Clinical Trials for Type 1 Diabetes - Current, Emerging, and Novel

Combination Immunotherapy for Type 1 Diabetes - The TrialNet ATG/GCSF Study
Michael Haller, MD (University of Florida, Gainesville, FL)

Symposium: Challenges and Hope in Finding a Cure for Type 1 Diabetes

Harnessing Heterogeneity in Response to Therapy Matt Dufort, PhD (Benaroya Research

Institute, Seattle, WA)

The Challenge of Heterogeneity in Disease Progression Todd Brusko, PhD (University of

Florida, Gainesville, FL)

Joint ADA/Diabetes UK Symposium: Cell Therapy for Diabetes - International Progress

Progress Toward Islets as a Clinically Approved Therapy in the US Jose Oberholzer, MD

(University of Virginia, Charlottesville, VA)

Symposium: Joint ADA/ISPAD Symposium - 25 Years after the Announcement of the DCCT
Results - What Is the Status of Type 1 Diabetes in Youth, and How Can We Do Better?

Where Do We Go from Here? Lessons Learned after 25 Years of the DCCT Rose Gubitosi-

King, MD (Case Western Reserve University, Cleveland, OH)

Symposium: Clinical Updates in Beta Cell Replacement Therapy

Defining Outcomes for Beta Cell Replacement Therapy - A Summary from the 2017
IPITA/EPITA Igls Consensus Workshop Michael Rickels, MD (University of Pennsylvania,

Philadelphia, PA)

Symposium: Transformational Technologies in Islet Biology - From Omics to Imaging

The Visible Pancreas Project - Islets in Health and Diabetes Martha Campbell, PhD

(University of Florida, Gainesville, FL)

Mini-Symposium: The Future of Islet Transplant - Towards a Renewable Source of Beta Cells

Stem Cells Will be the Future Source of Beta Cells J. S. Odorico, MD (University of Wisconsin,

Madison, WI)

Genetically Engineered Pigs Will Be the Future Source of Beta Cells David Cooper, MD

(University of Alabama, Birmingham, AL)

Oral Presentations: From Progression to Management in Type 1 Diabetes - What Is New?
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Alpha-1 Antitrypsin Therapy in Recent-Onset Type 1 Diabetes Yael Lebenthal, MD (Dana-

Dwek Children's Hospital, Tel Aviv, Israel)

ADA Presidents' Select Abstract: Gut Microbiome Dysbiosis and Increased Intestinal
Permeability in Australian Children with Islet Autoimmunity and Type 1 Diabetes (T1D)

Jenny Couper, MD (University of Adelaide, Australia)

Oral Presentations: Clinical Progress in Islet Transplantation - Clinical Science

Initial Clinical Evaluation of VC-01TM Combination Product - A Stem Cell-Derived Islet
Replacement for Type 1 Diabetes (T1D) Robert Henry, MD (UCSD, San Diego, CA)

CGM Shows Islet Transplantation Prevents Hypoglycemia, Correcting Time in Range and
Reducing Glycemic Variability, Despite Subnormal Beta-Cell Function Shareen Forbes,

PhD (University of Edinburgh, Scotland)

Long-Term Function of Islet Allografts Transplanted on the Omentum Using a Biological
Scaffold David Baidal, MD (University of Miami, FL)

Clinical Islet Transplantation Outcomes Are Comparable in Obese Type 1 Diabetes
Recipients Anna Lam, MD (University of Alberta, Canada)

Enhanced Recipient Cardiovascular Health Pre-Transplant Predicts Better Clinical
Outcomes following Islet Cell Transplant for Type 1 Diabetes Kirstie Danielson, PhD

(University of Illinois, Chicago, IL)

Oral Presentations: New Insights into the Immunology of Human Type 1 Diabetes

Metabolic Markers Associated with Increased Risk for Progression from Single to
Multiple Autoantibodies in Type 1 Diabetes Relatives Emanuele Bosi, MD (San Raffaele

University Hospital, Milan, Italy)

Oral Presentations: DiRECT Links between Hepatic Metabolism, Glucagon Action, and
Glucose Turnover

Effects of Hyperglycemia and Hyperinsulinemia on Glucose Turnover during Exercise in
Type 1 Diabetes Ananda Basu, MD (University of Virginia, Charlottesville, VA)

Diabetes Complications
Oral Presentations: What Is New in Diabetic Kidney Disease? (With State-of-the-Art Lecture
and ADA Presidents' Select Abstract)

State-of-the-Art Lecture: The NIDDK's Kidney Precision Medicine Project - What It
Means for Diabetic Kidney Disease Robert Star, MD (NIDDK, Bethesda, MD)

ADA Presidents' Select Abstract: Proteomic Profile of Circulating Inflammatory Proteins
Associated with 10-Year Risk of ESRD in T1 and T2 Diabetes - Enrichment for TNF
Receptor Superfamily Members Monika Niewczas, MD (Joslin Diabetes Center, Boston, MA)

Oral Presentations: Updates from Type 2 Diabetes Trials

Efficacy and Safety of Evolocumab in Patients with Type 2 Diabetes Mellitus and
Hypercholesterolemia or Mixed Dyslipidemia: Primary Results of the BANTING Study

Robert Rosenson, MD (Mount Sinai Icahn School of Medicine, New York, NY)

Oral Presentations: Emerging Targets for Diabetes Treatment

MEDI0382, a GLP/Glucagon Receptor Dual Agonist, Significantly Reduces Hepatic Fat
Content in Subjects with Type 2 Diabetes Mellitus Meena Jain, MD (MedImmune, Cambridge,

UK)

Fourteen-Day Study of Praliciguat, a Soluble Guanylate Cyclase Stimulator, in Patients
with Diabetes and Hypertension John Hanrahan, MD (Ironwood, Cambridge, MA)
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Oral Presentations: What's New in Diabetic Neuropathy? Equal Parts Clinical and Basic
Science

Contemporary Prevalence of Diabetic Neuropathy in Type 1 Diabetes (T1D) - Findings
from the T1D Exchange Kara Mizokami-Stout, MD (University of Michigan, Ann Arbor, MI)

Effect of Sacubitril/Valsartan vs. Valsartan on Vascular and Neural Complications in Type
2 Diabetic Rats Mark Yorek, PhD (University of Iowa, Iowa City, IA)

Oral Presentations: Diabetes Complications and Risk Factors

Adiposity and Cardiovascular Markers in Offspring of Women with Diabetes during
Pregnancy - The EPOCH Study Christine Hockett, PhD (Colorado School of Public Health, Denver,

CO)

Symposium: Management of Patients with Progressing Diabetic Kidney Disease (DKD)

Pathophysiology of DKD and Glycemic Goals in Patient with Low Glomerular Filtration
Rate Bernard Zinman, MD (University of Toronto, Canada)

How and When to Modify Diabetes Medications as Glomerular Filtration Rate Declines
Mark Molitch, MD (Northwestern University Feinberg School of Medicine, Chicago, IL)

Specific Considerations for Lipid Lowering in DKD Christoph Wanner, MD (University

Hospital of Würzburg, Germany)

Specific Considerations for Blood Pressure Control in DKD George Bakris, MD (University of

Chicago, IL)

Symposium: Cardio-Renal Effects of Glucose-Lowering Therapies

SGLT2i, GLP-1RA, and DPP-4i and Effects on Proteinuria - From Physiology to Clinical
Practice Hiddo Heerspink, PhD (University Medical Center Groningen, Netherlands)

Heart Failure Management in the Era of EMPA-REG OUTCOME and the CANVAS
Program Mikhail Kosiborod, MD (University of Missouri, Kansas City, MO)

Other Renal Protective Agents - Endothelin Antagonists, Mineralocorticoid antagonists,
and Novel Potassium Binders Daniel van Raalte, MD (Virginia University Medical Center,

Charlottesville, VA)

Symposium: Diabetes is Primary

Cardiovascular Risk and Treatment Options - Primary Care Successes Mikhail Kosiborod,

MD (St. Luke's Mid America Heart Institute, Kansas City, MO)

Symposium: Blood Flow to the Toe

Diabetes Mellitus and Peripheral Arterial Disease Michael Criqui, MD (UCSD School of

Medicine, San Diego, CA)

Role of Cardiology and the Diabetic Foot - Addressing the Heart of the Problem Carlos

Mena, MD (Yale University, New Haven, CT)

Symposium: Antiplatelet and Antithrombotic Therapies in Diabetes

Utility of Combination Antiplatelet Therapies in Diabetes Deepak Bhatt, MD (Brigham and

Women's Hospital, Boston, MA)

Posters

Alirocumab and Cardiovascular Outcomes in Patients with Acute Coronary Syndrome
(ACS) and Diabetes: Prespecified Analyses of ODYSSEY Outcomes K Ray, H Colhoun, M

Szarek, M Baccara-Dinet, D Bhatt, V Bittner, A Budaj, R Diaz, S Goodman, C Hanotin, J Jukema, V Loizeau, R

Lopes, A Moryusef, R Pordy, A Ristic, M Roe, J Tunon, H White, G Schwarz, P Steg
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Chronic Kidney Disease (CKD) and Risk of Mortality, Cardiovascular (CV) Events, and
Severe Hypoglycemia in Type 2 Diabetes (T2D) - DEVOTE Results A Amod, S Emerson, S

Marso, D Mcguire, T Pieber, R Pop-Busui, R Pratley, B Zinman, M Hansen, T Jia, T Mark, N Poulter

Policy and Reimbursement
Symposium: CVOTs in Diabetes

Shall We Continue or Change Course? Steven Marso, MD (HCA Midwest Health, Kansas City, KS);

Darren McGuire, MD (UT Southwestern Medical Center, Dallas, TX)

Symposium: Steering the Right Course for Diabetes Management - Clinical Perspectives

Do We Know Enough? Why We Need More Rigorous Prospective Randomized Studies
David Nathan, MD (Massachusetts General Hospital, Boston, MA)

Symposium: Real-World Evidence in Diabetes

Combining Methodological Approaches to Assess Efficacy and Safety of Gla-300 vs. First-
Generation Basal Insulins - A Case Study Tim Bailey, MD (UC San Diego, CA)

Real-World Evidence Studies - Methodological Approaches to Overcome Bias Sean

Sullivan, PhD (University of Washington, Seattle, WA)

Complementing Randomized Controlled Trials with Real-World Evidence - A
Comprehensive Evidence-Generation Program in Patients with Diabetes Stewart Harris,

MD (Western University, Ontario, Canada)

Symposium: The National Diabetes Prevention Program- From Research to Practice to
National Policy

Status of the National Diabetes Prevention Program - From Access to Uptake Ann

Albright, PhD (CDC, Atlanta, GA)

Where Are We with Medicaid Coverage? Patricia Shea (CDC, Atlanta, GA)

Symposium: Enhancing the Use of Diabetes Prevention and Cardiovascular Risk Factor
Control

Medicare Diabetes Prevention Program Final Rules May Limit Beneficiary Access and
Widen Health Disparities Natalie Ritchie, PhD (University of Colorado, Aurora, CO)

Symposium: Cost-Related Nonadherence to Diabetes Care

Level of Deductible in an Insurance Plan Affects Medical Care Use in Individuals with
Diabetes Anuradha Jetty (Robert Graham Center, Washington, DC)

Joint ADA/ISPAD Symposium - 25 Years after the Announcement of the DCCT Results - What
Is the Status of Type 1 Diabetes in Youth, and How Can We Do Better?

What Can We Do Differently? The European Experience Knut Dahl-Jørgensen, MD (Oslo

University Hospital, Norway)

Symposium: Better Ways to Build Diabetes Population Health Management

Population Health Management in Underserved Communities Luigi Meneghini, MD (UT

Southwestern Medical Center, Dallas, TX)

Symposium: Diabetes in Rural America

Burden of Diabetes and Its Complications among American Indians and Alaska Natives
Spero Manson, PhD (University of Colorado, Aurora, CO)

Policy Solutions to Improve Diabetes Care in Rural America Janice Probst, PhD (University

of South Carolina, Columbia, SC)

Oral Presentations: Prediction and Prevention of Cardiovascular Disease
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A Cost Analysis of Intensified vs. Conventional Multifactorial Therapy of Patients with
Type 2 Diabetes - The Steno 2 Study Joachim Gaede (University of Copenhagen, Denmark)

Oral Presentations: Dynamic Approaches to Improve Glycemic Control and Primary Diabetes
Care

Cost-Related Insulin Underuse Is Common and Associated with Poor Glycemic Control
Darby Herkert (Yale University, New Haven, CT)

The Clinical and Economic Effects of Switching Medicare Beneficiaries with Type 2
Diabetes from Analog to Human Insulin Jing Luo, MD (Brigham and Women's Hospital, Boston,

MA)

Oral Presentations: Race and Societal Influences on Diabetes

Neighborhood Walkability and Diabetes Complications Gillian Booth, MD (St. Michael's

Hospital, Toronto, Canada)

Oral Presentations: Enhancing the Use of Diabetes Prevention and Cardiovascular Risk
Factor Control

Ten-Year Trends in Consumer-Directed Health Plan Enrollment and Out-of-Pocket Costs
among Commercially Insured Members with Diabetes J. Frank Wharam (Harvard Medical

School, Boston, MA)

Cost-Effectiveness of Structured Lifestyle Programs for Diabetes Prevention in the
Medicaid Population Michael Laxy, PhD (CDC, Atlanta, GA)

A Comparison of the Impact of the 2017 ACC/AHA Hypertension Guidelines on Primary
Care Populations With and Without Diabetes JoAnn Sperl-Hillen, MD (HealthPartners Institute,

Bloomington, MN)

Posters

Software Price Modeling of Semaglutide and Ertugliflozin B Eilerman and L Testa

Impact of Switching from Sulfonylureas to Dipeptidyl Peptidase-4 Inhibitors on
Hypoglycemia Burden in the United States - A Predictive Modeling Approach J Liu, Y

Tang, H Hannachi, S Engel, S Rajpathak

Behavior Change of Participants in Group vs. Individual DPP Weight Loss Interventions -
The SHINE Study P Trief, L Delahanty, D Cibula, R Weinstock

Epidemiology and Education
Oral Presentations: The Impact of Diabetes Interventions and Behaviors on Outcomes

Evaluation of Treatment Persistence in Individuals with Type 2 Diabetes in a Real-World
Setting Lisa Latts, MD (IBM Watson Health, Cambridge, MA)

Oral Presentations: Race and Societal Influences on Diabetes

Mediators of the Racial Disparity in Diabetes Incidence - The Reasons for Geographic and
Racial Differences in Stroke (REGARDS) Study April P. Carson, PhD (University of Alabama,

Birmingham, AL)

Oral Presentations: It's Not Too Late, Baby - Outcomes in Gestational Diabetes Mellitus

Prevalence and Trends in Gestational Diabetes Mellitus among Women in the United
States, 2006-2016 Tao Zhou, PhD (Tulane University, New Orleans, LA)

Oral Presentations: High Risk Behavioral and Psychosocial Issues in Diabetes

Associations between Executive Dysfunction and Disordered Eating Behavior (DEB) Risk
in Teens with Type 1 Diabetes (T1D) Raquel Cecilia-Cost, MD (Joslin Diabetes Center, Boston, MA)
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Symposium: Diabetes is Primary

The Psychosocial Side of Diabetes William Polonsky, PhD (Behavioral Diabetes Institute, San Diego,

CA)

Symposium: Mental Health Disorders and Diabetes Distress among Adults with Diabetes

The Epidemiology and Impact of Mental Health Disorders among Adults with Diabetes
Mary de Groot, PhD (Indiana University School of Medicine, Indianapolis, IN)

Diabetes Distress - Epidemiology, Impact, and Treatment Kathryn Kreider, DNP (Duke

University, Durham, NC)

Diabetes among Patients with Complex Mental Health Disorders and with Use of
Antipsychotic Medications - Implications for Screening and Management John

Newcomer, MD (Florida Atlantic University, Boca Raton, FL)

Caring for the Whole Patient - Best Practices for Managing Mental Health Disorders and
Diabetes Mark Williams, MD (Mayo Clinic, Rochester, MN)

Symposium: The Lancet Commission on Diabetes - Societal Solutions to Combat Diabetes

Diabetes: A Global Epidemic Requiring Societal Solutions Edward Gregg, PhD (CDC, Atlanta,

Georgia)

Act Now to Change Environments for Preventing Diabetes and Evaluate Impacts
Nicholas Wareham, PhD (Institute of Metabolic Science, Cambridge, UK)

Strengthening the System to Improve Diabetes Care and Access to Cost-Effective Drugs
Juliana Chan, PhD (Chinese University of Hong Kong, Hong Kong)

Population and Health System Surveillance Jonathan E. Shaw, MD (Baker IDI Heart and

Diabetes Institute, Melbourne, Australia)

Symposium: New-Onset Type 2 Diabetes in the Youngest and the Oldest

Type 2 Diabetes in Children, Adolescents, and Young Adults Sharon Saydah, PhD (CDC,

Atlanta, GA)

Symposium: Implementing Technology-Enabled Diabetes Care Management Processes for
Population Health - Conception, Build, Implementation, Outcomes, and Sustainability

Implementation of the Diabetes Boot Camp in a Multi-Payer System Gretchen Youssef and

Carine Nassar (MedStar Health, Columbia, MD)

Symposium: Diabetes in Rural America

Burden of Diabetes and Its Complications among American Indians and Alaska Natives
Spero Manson, PhD (University of Colorado, Aurora, CO)

Policy Solutions to Improve Diabetes Care in Rural America Janice Probst, PhD (University

of South Carolina, Columbia, SC)

Symposium: Intervening in the Lived Experiences and Social Context of Those with Diabetes

Integrating Social and Behavioral Interventions for Diabetes in Primary Care Danielle

Hessler, PhD (UCSF, San Francisco, CA)

Intervention Targeting the Social Determinants of Health in Youth with Repeat Diabetic
Ketoacidosis - Novel Interventions in Children's Healthcare (NICH) Works Lena

Teplitsky (Oregon Health & Science University, Portland, OR)

Joint ADA/JDRF Symposium: Current Management of Type 1 Diabetes in Youth - What are
the Options?

Psycho/Social Support - The Sometimes Forgotten Part of the Management Maureen

Monaghan, PhD (Children's National Health System, Washington, DC)

www.closeconcerns.com 29



Symposium: Making a Difference in Five Minutes - Interventions in Diabetes for Anyone
(With Richard R. Rubin Award Lecture)

Richard R. Rubin Award Lecture: Diabetes and Behavior in the 21st Century - Things
That Make You Go "Hmmm" Tim Wysocki, PhD (Nemours Children's Health System, Jacksonville,

FL)

Chasing and Talking about Numbers―It's Not a Game Jill Weissberg-Benchell, PhD (Lurie

Children's Hospital, Chicago, IL)

Symposium: Better Ways to Build Diabetes Population Health Management

Population Health Management in Underserved Communities Luigi Meneghini, MD (UT

Southwestern Medical Center, Dallas, TX)

Posters

Individualized HbA1c Targets in People with Type 2 Diabetes Initiating Second-Line
Therapy - The Global DISCOVER Study K Khunti, H Chen, J Cid-Ruzafa, P Fenici, M Gomes, N

Hammar, K Kennedy, M Kosiborod, S Pocock, M Shestakova, I Shimomura, F Surmont, L Ji

Vascular Events in Patients with Type 2 Diabetes in the Year Following Initiation of
Second-Line Therapy: The DISCOVER Study M Kosiborod, H Chen, J Cid-Ruzafa, P Fenici, MB

Gomes, K Khunti, S Pocock, W Rathmann, M Shestakova, I Shimomura, F Surmont, F Tang, H Watada, L Ji, N

Hammar

Award Lectures and Additional Topics
President's Address

The American Diabetes Association in the Era of Healthcare Transformation Felicia Hill-

Briggs, PhD (Johns Hopkins University School of Medicine, Baltimore, MD)

Awards Lectures

ADA 2018 Humanitarian Award Mark Atkinson, MD & Carol Atkinson (Insulin for Life, Gainesville,

FL)

Outstanding Scientific Achievement Award Lecture: Harnessing Brain Circuits to
Improve Type 2 Diabetes Lora Heisler, PhD (University of Aberdeen, UK)

Banting Medal for Scientific Achievement: Mechanisms of Insulin Resistance -
Implications for Obesity, Lipodystrophy, and Type 2 Diabetes Gerald Shulman, MD (Yale

University, New Haven, CT)

Outstanding Educator in Diabetes Award Lecture: Connectedness - How Technology and
Social Networks are Advancing Diabetes Nutrition Care Jackie Boucher (Children's Heart

Link, Minneapolis, MN)

Kelly West Award Lecture: Diabetes Diagnosis and Control - Missed Opportunities to
Improve Health Catherine C. Cowie, PhD (NIDDK, Bethesda, MD)

Richard R. Rubin Award Lecture: Diabetes and Behavior in the 21st Century - Things
That Make You Go "Hmmm" Tim Wysocki, PhD (Nemours Children's Health System, Jacksonville,

FL)

Norbert Freinkel Award Lecture: Metabolic Culprits in Obese Pregnancies and
Gestational Diabetes - Big Babies, Big Twists, Big Picture Linda Barbour, MD (University of

Colorado, Aurora, CO)

Symposium: Academia-Industry Collaborations - Key Considerations

Academia-Industry Collaborations in Diabetes Trials John Buse, MD (University of North

Carolina, Chapel Hill, NC)

Symposium: The Type 2 Diabetes Knowledge Portal
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Quantifying Diabetes - Genomics, Electronic Health Records, and Automated Control
Jason Flannick, PhD (Broad Institute, Cambridge, Massachusetts)

Diabetes Data Science - Linking Genotype, Electronic Health Records, and Real-Time
Monitoring Philip Bourne, PhD (University of Virginia, Charlotte, VA)

Symposium: Precision Medicine in Diabetes

Genetics and Precision Medicine for Diabetes Stephen S. Rich, PhD (University of Virginia,

Charlottesville, VA)

TCOYD/The diaTribe Foundation 12th Annual Diabetes Forum
Panel Discussion

Panelists: Jim Gavin, MD (Healing Our Village, Atlanta, GA), Mikhail Kosiborod, MD
(Saint Luke's Health System, Kansas City, MO), Jeremy Pettus, MD (University of
California, San Diego, CA), Carol Wysham, MD (University of Washington, Spokane, WA)
Moderators: Adam Brown (Close Concerns, San Francisco, CA) and Steve Edelman, MD
(University of California, San Diego, CA)

The diaTribe Foundation's Third Annual Musings Under the Moon: Next-Gen
Diabetes

The diaTribe Foundation's Third Annual Musings Under the Moon: Next-Gen Diabetes

Panel Discussion #1 Michelle Carnahan (North America Head of Diabetes and Cardiovascular, Sanofi,

Bridgewater, NJ), Sophie Dutilloy (Divisional VP and Commercial Lead, EU, Africa, & Middle East, Abbott,

Delkenheim, Germany), Marie Schiller (Vice President, Connected Care Site Head, Cambridge Innovation Center,

Lilly, Cambridge, MA), Camilla Sylvest (Executive Vice President, Commercial Strategy & Corporate Affairs,

Novo Nordisk, Copenhagen, Denmark) Moderators: Adam Brown and Kelly Close (Close Concerns and The

diaTribe Foundation, San Francisco, CA)

Panel Discussion #2 Jennifer Block (Vice President of Clinical and Medical Affairs, Bigfoot Biomedical,

Milpitas, CA), Annika Jimenez (SVP, Data, Dexcom, San Diego, CA), Shacey Petrovic (President/COO, Insulet,

Billerica, MA), Laura Stoltenberg (VP/General Manager of MDI Solutions, Medtronic Diabetes, Northridge, CA)

Audience Q&A

Musings Under the Moon: Fireside Chat

Panel Discussion Panelists: Manny Hernandez (Livongo, Mountain View, CA) and Adam Brown (Close

Concerns, San Francisco, CA)

Interview with New ADA CEO Ms. Tracey Brown
Exhibit Hall

Diabetes Therapy

Amgen
AstraZeneca
Bayer
Gubra
J&J (Janssen)
Lilly/BI
MannKind
Merck
NASH Education Program
Novo Nordisk

www.closeconcerns.com 31



Sanofi/Lexicon
Sanofi/Regeneron
TrialNet
Xeris

Diabetes Technology

Abbott
Ascensia
BD
Companion Medical
Dexcom
DiabetOmics
EOFlow
Fitscript
Glooko
Good Measures
IDx
Insulet
LifeScan
Medtronic
The Nightscout Foundation
Novo Nordisk
One Drop
Senseonics
SOOIL
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Valeritas
Voluntis

Themes

Diabetes Therapy

Adjunct Therapy for Type 1 Diabetes Takes Center Stage: New Data Galore on
SGLTs, GLP-1s, Metformin in T1D; Consensus Meeting Brings ~30 Thought
Leaders Together to Discuss DKA; Potential for Type 1 CVOT?

▪ ADA 2018 was by far the biggest conference to-date for adjunct therapies (and
especially SGLT inhibitors) in type 1 diabetes. It started with a Friday morning gathering of
~30 thought leaders discussing DKA risk minimization (this was organized by ATTD and Prof.
Thomas Danne). Then, in no particular order, we covered:

◦ 24-week DEPICT-2 results on AZ's SGLT-2 Farxiga (dapagliflozin);

◦ one-year data from DEPICT-1, inTandem 1, and inTandem 2 on Sanofi/Lexicon's
SGLT-1/2 dual inhibitor sotagliflozin (intended brand name Zynquista);

◦ topline data (i.e. no numbers) from the phase 3 EASE program for Lilly/BI's SGLT-2
Jardiance (empagliflozin); and
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◦ pooled CGM data from DEPICT and inTandem.

The very last symposium of ADA 2018 - the only one in its timeslot - was "SGLT Inhibition for Type 1
Diabetes Mellitus Management―How Far Have We Gone?". We were genuinely impressed by the
attendance and engagement in this final session; there were few empty seats in the largest convention
center ballroom, and audience members formed long lines at the microphone to ask questions. Prof.
Danne noted that every single person invited to the closed ATTD meeting accepted his invitation,
which "goes to show how people feel about these agents, and wanting to get them distributed to
patients with type 1 diabetes safely." Indeed, it seems the diabetes community is energized and
enthusiastic about the prospect of these first oral agents as adjunct to insulin in type 1 diabetes. We
echo these feelings of excitement (because to be sure, adjunct therapy and therapy in general for type
1 is a severe unmet need), though we can't ignore the heightened DKA risk associated with these
drugs. To this end, we're glad to see thought leaders getting organized in establishing best practices
for DKA prevention and treatment for patients taking an SGLT on top of insulin. This risk is
manageable, but real-world HCPs/patients need support in how to manage it before sotagliflozin and
dapagliflozin (and eventually, empagliflozin) are approved for type 1 diabetes (Sanofi/Lexicon have
filed sotagliflozin with FDA and EMA, while AZ has so far filed dapa in Europe and Japan - eventually
we also hope to see BI/Lilly and J&J jump in as well). Dr. Jeremy Pettus read our minds when he
remarked, at The diaTribe Foundation & TCOYD's 12 Annual Diabetes Forumth , "there's no doubt
these drugs work to increase time-in-range and lower A1c, weight, and blood pressure, but they do
increase risk of DKA. We need to focus on the risk/benefit profile and on mitigating DKA. These
drugs make a difference in lives and help manage a disease that, quite frankly, really sucks. Any drug
that can help is an improvement."

◦ With an accumulation of data from the inTandem and DEPICT clinical programs (the
latest coming at this ADA), the benefits of SGLTs in type 1 are well-established: 1-3
more hours in-range each day, A1c-lowering of 0.3%-0.4%, meaningful weight loss (up to 10 lbs at
52 weeks with 400 mg sotagliflozin, according to inTandem1), and lower total daily insulin dose.
By and large, healthcare providers and patients are recognizing the metabolic and quality of life
benefits that SGLTs offer.

◦ The field is slowly but encouragingly moving toward consensus on DKA risk
mitigation and treatment. On Friday, we attended ATTD's consensus meeting on the issue, and
heard universal enthusiasm for the utility of these agents as well as agreement on the need for
patient- and provider-facing education, careful patient selection (e.g. engaged patients who will
check ketones regularly, not people on low-carb diets, etc.), and widespread knowledge of how to
treat DKA (as counterintuitive as it may seem, this requires eating carbs and injecting insulin). On
the other hand, the meeting ended without clear agreement on the specifics of ketone monitoring
methodology (urine or blood?) and frequency, the exact ketone level that should cause concern or
prompt treatment, what insulin dose should be decreased (basal or bolus?) and by how much, and
whether or not there should be an upper A1c cutoff for eligible patients. According to Prof. Danne, a
consensus manuscript should be published by year-end, or before the first regulatory meetings take
place (we anticipate an FDA Advisory Committee gathering in early 2019). We're eager to see what
precise recommendations the group settles on.

◦ Lilly/BI threw a curveball in the very last hour of ADA 2018, when Dr. Julio
Rosenstock suggested that there may be a low dose of empagliflozin (2.5 mg) that gives
all the advantages of adjunct therapy without any of the DKA risk. In the phase 3 EASE
program (n=1,680 across EASE-2 and EASE-3), 2.5 mg daily empagliflozin did not increase DKA vs.
placebo, but it did offer significant improvements in A1c and body weight without affecting
hypoglycemia. The 10 mg and 25 mg doses of empagliflozin also met all efficacy endpoints but did
significantly raise DKA frequency vs. placebo. Dr. Rosenstock specified that efficacy was similar with
2.5 mg and 10 mg Jardiance, although without any specific numbers on A1c, weight loss, or time-in-
range (they weren't ready by ADA's deadline for abstract submission), we can't confidently
determine what or whether an efficacy tradeoff might come with a lower SGLT-2 dose. Our sense
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from DEPICT and inTandem is that efficacy and safety are both dose-dependent; that is, a higher
dose means greater glycemic benefits and more weight loss, alongside a more elevated risk for DKA.
Will 2.5 mg Jardiance - one quarter of the lowest dose available for type 2 diabetes - be "enough" for
type 1s to notice a difference in their diabetes management? Importantly, EASE-3 was the only study
to include 2.5 mg empagliflozin, and it didn't include a trial extension past 24 weeks - recall that
DEPICT-1 found no DKA imbalance between dapagliflozin and placebo at 24 weeks, but a difference
did appear at one year. We wouldn't at this stage conclude from EASE-3 topline results alone that no
DKA risk exists with lowest-dose empagliflozin - rather,, we'd note our excitement about EASD and
full EASE results that are set to be presented there on the morning of Thursday, October 4, the
second-to-last day of EASD 2018 in Berlin. While it's technically unclear if any other data will be
released before then, we would doubt it.

▪ We also saw promising data for GLP-1 agonist liraglutide (Novo Nordisk's Victoza) in
type 1 diabetes, which was even called out by ADA in a press release and press
conference. Nearly three years ago, in August 2015, Novo Nordisk discontinued its program for
liraglutide in type 1 based on mixed efficacy results, but Dr. Paresh Dandona (whose work
apparently prompted Novo Nordisk's original studies) presented a small (n=46), independent study
showing a 0.6% placebo-adjusted A1c drop (p=0.006) and ~6 lbs placebo-adjusted weight loss
(p=0.041) over one year. Without affecting average insulin dose or hypoglycemia rates, liraglutide
offered improved glycemic control and weight loss, on par with SGLT inhibitors (see above). That
said, Novo Nordisk's CMO in North America Dr. Todd Hobbs told us it's highly unlikely the
company will re-start its Victoza for type 1 program. He explained that in the ADJUNCT studies,
there was substantial heterogeneity across participants in terms of how much insulin dose
adjustment was required (if any) and what liraglutide dose each individual responded to. When
investigators prescribed the same dose adjustments across a larger sample, they had problems with
some patients experiencing hypoglycemia. Still, Dr. Hobbs acknowledged that many HCPs/patients
are using liraglutide off-label, making Dr. Dandona's research immensely valuable. We continue to
see a role for GLP-1s as adjunct therapy in type 1 diabetes, though SGLTs are certainly generating
more buzz right now. We're curious to learn more about this new trial from Dr. Dandona: What
aspects of trial design or study population might have made it seemingly more successful than the
ADJUNCT studies? Is success largely dependent on striking the optimal balance between insulin
and liraglutide doses, and individualizing this ratio for each patient? Perhaps these results might
encourage more experienced practitioners to use more GLP-1s off-label in type 1 diabetes, but we
don't expect widespread use without an official indication. With Victoza's patent expiring in 2022/
2023, liraglutide could soon become a much more accessible option for type 1s and type 2s alike.

▪ Finally, results from the EMERALD study pointed to a potential CV benefit from
metformin in youth with type 1 diabetes. While also small (n=49), this study found
improvements in insulin resistance, aortic function, carotid intima media thickness (cIMT), and
body composition with metformin in type 1s 12-21 years-old. There were no effects of metformin on
A1c, lipids, or blood pressure. Metformin is already a very common off-label therapy in type 1
diabetes, though notably, the much larger, JDRF-sponsored REMOVAL trial (presented at last
year's ADA) found no positive impact of metformin on cIMT over three years. Of course, REMOVAL
enrolled adults, and we wonder if earlier intervention with metformin may offer different results.
We'd love to see long-term CV outcomes studies investigate metformin, GLP-1s, and SGLT-2s in
type 1; in fact, Dr. David Cherney called for a type 1 CVOT during the final talk of ADA 2018 (what a
way to end!). There's no doubt that type 1s face increased CV risk, and these patients need better
options to manage that risk. Whether initiated by manufacturers or funded through public-private
partnerships as Dr. Cherney suggested, we see a moral imperative to investigate these new and old
options to improve quality and length of life for people with type 1 diabetes.
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In CVOT Era, ADA/EASD Consensus Statement Emphasizes CV Risk Assessment,
Recommends GLP-1s & SGLT-2s, Positions GLP-1s as First-Injectable Before
Insulin

▪ In 2018, ADA and EASD will update their consensus statement on the management of
type 2 diabetes. The writing committee presented a draft of the position statement on Tuesday
morning - watch the full symposium here. Since the last update to this consensus document in
2015, the diabetes field has seen numerous positive CVOTs, which have shifted the treatment
paradigm from glucose-centric to outcomes-centric (namely, avoiding adverse CV events).
Accordingly, the committee encourages HCPs to first and foremost assess a patient's CV risk when
designing a type 2 diabetes treatment plan. The draft recommends that GLP-1s and SGLT-2s be
added as second-line therapy in any patient with established CV disease not meeting her personal
glycemic target (notably, the document doesn't endorse any one particular A1c or other glycemic
goal). A softer recommendation to add or switch to a GLP-1 or SGLT-2 stands for patients with CV
disease who are meeting their personal glycemic targets. The committee specifically recommends
GLP-1 over SGLT-2 when atherosclerosis is dominant, vice-versa when heart failure is dominant.
Going even further, the committee has endorsed liraglutide over semaglutide over exenatide (within
GLP-1), and empagliflozin over canagliflozin (within SGLT-2), which makes sense based on current
FDA and EMA approved indications and safety warnings (e.g. amputations with canagliflozin). That
said, Prof. Philip Home pointed out during Q&A that a handful of additional CVOTs will read out
over the next year, including DECLARE for AZ's SGLT-2 inhibitor Farxiga (dapagliflozin), which is
expected by year-end. In response, ADA's Dr. William Cefalu proposed that the consensus statement
could be a "living document" as is the ADA's Standards of Care (starting in 2018), though this is
harder to organize when two professional organizations are involved instead of just one. Separately,
the consensus has also promoted GLP-1s to first-line injectable therapy, before basal insulin, when a
patient is not meeting targets with oral agents. Writing committee members highlighted a GLP-1
agonist's benefits on weight loss and hypoglycemia; we echo an audience member in calling this
change a "long time coming." We also noted a renewed emphasis on patient-centered care and
shared decision-making throughout the session's presentations, including the draft's aim to provide
recommendations on how to reach glycemic targets rather than to offer pre-specified targets for
groups of people. We're huge fans of this last point; there's no doubt that talking about patient-
centered care (and criticizing the new ACP guidelines) is in vogue, but we imagine patient outcomes
will be better if/when providers start personalizing care and care goals, with an emphasis on
individual risk factors.

▪ The writing committee maintained more conservative stances in other domains of
diabetes care. Metformin remains first-line, "foundational" therapy in this draft
(alongside lifestyle change). The speakers acknowledged that this was highly-debated
internally, but ultimately, the committee decided to stick to the status quo given metformin's strong
safety/tolerability and the high cost of polypharmacy. Dr. John Buse made an interesting comment
in closing the session, questioning whether SGLT-2s might be foundational therapy if they had been
discovered decades ago instead of metformin. Moreover, the committee did not find sufficient
evidence to recommend initial combination therapy, unless someone is ≥1.5% above his A1c target.
For comparison, ADA's 2018 Standards of Care calls for initial dual therapy whenever a patient has
baseline A1c >9%, while AACE is expectedly more aggressive, recommending initial dual therapy for
anyone with baseline A1c ≥7.5% and triple therapy for anyone with baseline A1c >9% plus
symptoms. In the end, we return to the importance of personalization and focusing more on how
glucose is lowered, but we would also love to see a greater push toward earlier, faster intensification
of treatment (given the persistent challenge of clinical inertia in diabetes care). Patients are
spending too much time not doing well on metformin; even though current guidelines recommend
against this, they clearly aren't working. We understand the need for consensus statements and
guidelines to be grounded in evidence, but how can they most efficiently overturn the treat-to-fail
paradigm that's so ingrained in real-world practices?
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▪ For a deeper dive on the ADA/EASD draft consensus statement, read our full coverage and
please do check out the webcast.

Growing Emphasis on Next-Generation Insulins, Particularly Hypoglycemia
Benefits (Toujeo, Tresiba, Fiasp, Afrezza)

▪ We noticed a strong showing from next-generation insulins at ADA, both during oral
presentations/symposia and in the poster hall. Next-gen insulins include Sanofi's Toujeo
(insulin glargine U300) and Novo Nordisk's Tresiba (insulin degludec) on the basal side, plus Novo
Nordisk's Fiasp (faster-acting insulin aspart) and MannKind's Afrezza (inhaled insulin) on the
prandial side (both of these are considered ultra-rapid-acting). We continue to believe that Toujeo
and Tresiba are a major leap above the basal insulin analogs that came before them (Sanofi's Lantus
and Novo Nordisk's Levemir), and to this end, we were pleased to see abundant data not only on
their safety/efficacy, and emphasizing hypoglycemia benefit and cost-effectiveness.

◦ Next-gen basal insulins: Sanofi's BRIGHT study (n=929) comparing Toujeo vs. Tresiba
head-to-head found significantly less hypoglycemia with insulin glargine U300 vs. insulin
degludec during the titration phase (the first 12 weeks of the 24-week trial). There was no
significant difference in hypoglycemia rate between groups during the maintenance phase
(the second 12 weeks of the 24-week trial), nor was there a significant difference overall.
While these results certainly highlight Toujeo's clinical benefits, we don't think they
convincingly demonstrate that one of these advanced basals is better than the other.
Another late-breaking poster featured results from the real-world CONFIRM study
(n=4,056) suggesting that hypoglycemia and treatment discontinuation are both more
common with Toujeo vs. Tresiba. Two oral presentations by the highly-respected Prof.
Simon Heller and Dr. Richard Pratley, respectively, underscored Tresiba's significant
hypoglycemia benefit vs. Lantus in the elderly; these were post-hoc analyses of SWITCH 2
and DEVOTE. (Notably, DEVOTE results showing CV safety and risk reduction for severe
hypo are now part of Tresiba's product label in the US and Europe.) On cost-effectiveness,
a new analysis of Sanofi's DELIVER 2 showed that switching to Toujeo from another basal
insulin conferred an estimated $1,439 of healthcare savings per patient per year, driven by
lower hypoglycemia-related healthcare utilization - namely, hospitalizations, ER visits, and
outpatient care. Our takeaway from ADA is that both next-gen basal insulins boast a strong
efficacy/safety profile, and that as a class, these agents could lessen the cost of diabetes on
the health system. While head-to-head RCTs are interesting, it's important to recognize
that there's more than enough room for both of these products to be successful on the
market - and in fact, greater uptake of both products would be great news for the diabetes
population on the whole, because more patients would be taking a basal insulin that's more
effective, safer, and easier-to-use.

◦ Ultra-rapid-acting mealtime insulins: Fiasp and Afrezza also had their time in the
spotlight at ADA 2018. Dr. Satish Garg presented results from the STAT study (n=60 type
1s) comparing Afrezza vs. Novo Nordisk's NovoLog (insulin aspart) head-to-head.
According to CGM readings, Afrezza offered a 12% increase (1.5 hours) in time-in-range vs.
NovoLog (p<0.005), and postprandial glucose excursions were 15% smaller (-20 mg/dl)
with the inhalable bolus vs. the injectable bolus (p<0.05). Both these metrics are
meaningful to patient quality of life, and we applaud MannKind for using CGM to unveil
these key benefits (albeit, in a relatively small trial). The unique ability to take quick,
booster boluses with Afrezza (incredibly rapid onset of action within ~12 minutes) goes
hand-in-hand with CGM - this was highlighted in MannKind's exhibit hall booth - and we
imagine STAT could have important implications for the Afrezza business moving forward.
In the poster hall, we saw a post-hoc analysis of AFFINITY-1 and noted a lower risk of
severe hypoglycemia with Afrezza (22% incidence) vs. NovoLog (31% incidence). Another
late-breaker showcased pooled data from Onset 1 and Onset 2: Severe nocturnal
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hypoglycemia was significantly less common with Fiasp vs. NovoLog (HR=0.84, 95% CI:
0.72-0.98, p=0.02), while severe daytime hypoglycemia was balanced across groups
(HR=0.96, 95% CI: 0.86-1.07, p=0.46). In our view, hypoglycemia risk reduction and
enhanced time-in-range are likely to be the most meaningful advantages to faster-acting
mealtime insulins, and ADA offered compelling data to this end. As we see it, prandial
insulin is one of the areas within diabetes care with the most room for improvement, given
how fear of hypoglycemia and uncertainty around meals directly interfere with patient
quality of life.

Peptides Gone Oral: Novo Nordisk Leads Oral GLP-1 Competitive Landscape,
Reports Positive PIONEER 1 Results; Research Continues on Oral Insulin

▪ Peptides gone oral was a major theme at ADA 2018, with Novo Nordisk's oral GLP-1
semaglutide stealing the show. Late-breaking data from PIONEER 1 (oral sema vs. placebo in
703 type 2s) was presented on a poster. After 26 weeks, the highest dose (14 mg) gave a mean 1.4%
placebo-adjusted A1c drop (p<0.001) and ~6 lbs placebo-adjusted weight loss (p<0.001).
Additionally, 44% of people on 14 mg oral semaglutide experienced ≥5% weight loss vs. 16% of
people taking placebo (p<0.001). The composite outcome of A1c <7% without weight gain or
hypoglycemia was achieved by 73% of participants on 14 mg semaglutide vs. 27% of those on placebo
(p<0.001); the composite of ≥1% A1c decline and ≥3% weight loss was seen in 54% and 11%,
respectively (p<0.001). These are impressive efficacy results (note that these numbers are pulled
from the PIONEER 1 on-treatment analysis), and 14 mg is most likely the dose that Novo Nordisk
will commercialize, with an NDA planned for 2019 after all 10 trials in the phase 3 PIONEER
program report this year. As for safety, 7% of the 14 mg semaglutide group (13 individuals)
prematurely discontinued treatment due to an adverse event vs. 2% of the placebo group (four
individuals). Nausea and other GI symptoms do seem to be dose-dependent with oral semaglutide,
but as with all GLP-1 agonists, these tend toward mild-to-moderate and usually subside over time.
It's shaping up to be a very big year for oral semaglutide, and that started with ADA and PIONEER 1.
Novo Nordisk has also released topline results from PIONEER 2, 3, 4, and 7. The company's North
America CMO Dr. Todd Hobbs told us he's most looking forward to PIONEER 6 CVOT results, given
the importance of showing cardioprotection and other beyond-A1c benefits for a new diabetes
therapy to be successful today.

◦ We've heard some speculation that the fasting requirements around oral
semaglutide will impose undue burden on patients. As stated on the poster,
PIONEER 1 participants were instructed to take their dose in a fasting state every morning
and to refrain from eating for another 30 minutes thereafter. While this could be perceived
as a nuisance by some patients, we think that many others will decide the glucose-lowering
and weight loss are well worth it; plus, oral semaglutide is an appetite-suppressant, which
could ease the post-dose fasting. Non-adherence to this protocol would undercut the
efficacy of oral semaglutide. Based on the compelling efficacy data from PIONEER 1, we
suspect adherence was fairly strong, but we'd love specific details on this. Moreover, since
adherence is always lower outside the context of an RCT, we'll be curious to see if Novo
Nordisk invests in any support tools - digital or otherwise - to aid real-world engagement.

◦ Ultimately, we're optimistic that Novo Nordisk can make oral semaglutide
into an easy-to-take commercial product although it won't be exactly the same
- and no problem on that front! We can't emphasize enough how meaningful it could
be for patients to have all the potency and efficacy of a GLP-1 agonist without any of the
injection burden that some (by no means all) perceive. We've heard from many a thought
leader that oral administration is the next frontier for GLP-1 therapy, and we're now closer
than ever with positive PIONEER results. Questions certainly remain - around pricing,
side-effect management, positioning within the diabetes treatment paradigm, etc. - but for
the moment, oral GLP-1 is an R&D victory to celebrate.
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▪ Oral insulin also had some airtime at this meeting, though there seem to be more
hurdles here relative to oral GLP-1. As a reminder, Novo Nordisk discontinued its oral basal
insulin candidate from phase 2 back in 3Q16. Vanderbilt's Dr. Mary Moore presented a study in dogs
showing that this candidate can yield smaller postprandial glucose excursions and enhanced
postprandial hepatic glucose disposal, but the issue remains developing a carrier to increase
bioavailability of the oral insulin so that the commercial product can be reasonably priced. During
the same session, SUNY's Dr. Harold Lebovitz shared new data on Biocon's mealtime oral insulin
candidate Insulin Tregopil. This was a small PK/PD study (n=18 type 2s), and Insulin Tregopil
showed peak action within 37-47 minutes, suggesting that this bolus works about as fast as
MannKind's ultra-rapid-acting inhalable Afrezza. (Afrezza had its own moment in the spotlight at
ADA, when the STAT study found superior postprandial control and more time-in-range vs. Novo
Nordisk's NovoLog.) We imagine that Insulin Tregopil (like all insulin products) will encounter
intense pricing pressure as well, and we remain somewhat skeptical about the technical viability of
an oral prandial insulin. Nonetheless, Biocon's development program is one to watch, and we
eagerly await data from larger clinical trials.

▪ One Saturday afternoon symposium reviewed alternative (non-injectable) delivery
routes for peptide therapies, going beyond oral to discuss implantables as well.
Intarcia's implantable exenatide mini pump was a key highlight during this session, though across
the board, this was a relatively quiet meeting for ITCA 650. FDA issued a Complete Response Letter
(CRL) for this GLP-1 agonist candidate in September 2017, and Intarcia is now working to resubmit
(management has given no sense of the timeline for this, though presumably, it's as soon as
possible). We do want to call attention to three posters on ITCA 650, highlighting consistent efficacy
across subgroups, safe patient switching from liraglutide (Novo Nordisk's Victoza) to the
implantable mini pump without up-titration, and strong safety/efficacy across a pooled analysis of
phase 3 studies. Despite the CRL roadblock, we're optimistic about the potential for ITCA 650 to
boost penetration of the GLP-1 agonist class and to improve real-world adherence to GLP-1 therapy,
though it may be more work than originally expected to get this drug/device combo approved.

New Data Emphasizes Favorable Benefit/Risk Profile of Combination Therapy
(Novo Nordisk's Xultophy, AZ's Qtern, & More); Exploring Roles for GLP-1 +
SGLT-2 Co-Administration in Diabetes Care

▪ We saw abundant data at ADA supporting that combination therapy performs better
than monotherapy on both efficacy and safety endpoints. Novo Nordisk presented DUAL
IX (n=420) comparing fixed-ratio Xultophy (insulin degludec/liraglutide) to basal insulin Lantus
(Sanofi's insulin glargine) in patients on a background SGLT-2 inhibitor. After 24 weeks, A1c
declined by a mean 1.9% with Xultophy vs. 1.7% with Lantus (baseline 8.3%). Xultophy was
associated with a 58% lower risk of symptomatic or severe hypoglycemia (!), and 85% of patients on
the fixed-ratio combo reached A1c <7% compared to 71% of patients on basal insulin without GLP-1.
Xultophy had no impact on body weight over 24 weeks, while Lantus caused ~4 lbs weight gain from
a baseline ~194 lbs. Thus, DUAL IX adds to the compelling dataset on Xultophy's efficacy and mild
side-effect profile (no weight gain or even modest weight loss, much less hypo). Plus, participants in
DUAL IX were already on a potent anti-hyperglycemic therapy (SGLT-2), which makes the glucose-
lowering from Xultophy all the more remarkable. AZ presented two positive studies on fixed-dose
combination Qtern (dapagliflozin/saxagliptin), one comparing the SGLT-2/DPP-4 to Lantus and
another comparing it to glimepiride (a sulfonylurea). Qtern was non-inferior to Lantus (p=0.118)
and superior to glimepiride (p=0.001) on A1c-lowering. Body weight decreased with Qtern across
both trials, but increased with Lantus and with glimepiride, and the fixed-dose combination
treatment offered comparatively lower hypoglycemia risk. Again, these results highlighted superior
efficacy and milder side-effects with a combination therapy vs. commonly-prescribed standalone
diabetes drugs. In our view, fixed-ratio and fixed-dose combinations are both under-utilized in
diabetes care today given their favorable benefit/risk profile, which was only confirmed by what we
saw at this ADA.
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▪ Despite these numerous positive readouts, we noted continuing debate on when to
initiate combination regimens - this is so frustrating given other therapeutic areas like
cancer where barely anyone (!) starts on monotherapy. The writing committee for the new
ADA/EASD consensus statement on type 2 diabetes management did not find sufficient evidence to
recommend starting all patients on a combination from the get-go, but on the flip side, six-year
EDICT results showed long-lasting benefits to triple combo therapy (metformin + TZD pioglitazone
+ GLP-1 agonist exenatide) in newly-diagnosed patients. EDICT participants randomized to the
triple combination maintained an A1c around 5.8% after six years, while those randomized to
standard care had an A1c around 6.7% (p<0.0001). Importantly, hypoglycemia was 10x as common
in the standard care group vs. the triple combination group. Dr. Hertzel Gerstein advocated fiercely
for early combination therapy in a separate ADA talk, for improved patient outcomes (and maybe
even diabetes remission). All this said, EDICT's sample size after six years was down to 30%-40% of
the original participant pool, which was small to begin with (n=217), and the ADA/EASD writing
committee evaluated a comprehensive evidence base. We can't reasonably make a judgment on the
ideal timing to initiate combination therapy in everyone with type 2 diabetes, but we do feel that the
average real-world patient isn't treated aggressively enough, given delayed diagnosis and pervasive
clinical inertia (stemming from the provider-side as well as the patient-side). With new fixed-ratio
and fixed-dose combination products (like Xultophy and Sanofi's Soliqua, Qtern and Lilly/BI's
Glyxambi and Merck/Pfizer's Steglujan), patients can take multiple agents in one convenient
injection or tablet, paying only one co-pay and seeing greater A1c reductions and/or weight loss with
a milder side-effect profile. We understand this may not be a cost-effective at the population level in
terms of short term (for now), and as Dr. Silvio Inzucchi has pointed out, the conventional therapy
arm in EDICT didn't have access to more advanced drugs like SGLT-2 inhibitors (that is to say,
perhaps SGLT-2 monotherapy would perform better than metformin + pioglitazone + exenatide -
though we doubt it). Even after the sum of positive data we saw at ADA, some still perceive
combination therapy as a complicated beast. Going forward, we hope to see better guidance for real-
world HCPs on how to match the right combination to the right patient at the right time - and this is
a task for precision medicine as much as it is for professional medical organizations. We do feel
strongly that HCPs having a bit more time to work this out short-term would benefit virtually all
patients longer term - and they'll need to know how to do it eventually, when cost isn't an issue.

▪ There was noticeable buzz at these ADA Scientific Sessions around GLP-1 + SGLT-2 co-
administration. After all, these are arguably the two most advanced therapy classes available to
treat diabetes today: Could combining them into one medication regimen lead to greater A1c
reductions, greater weight loss, greater cardioprotection? UT's Dr. Muhammad Abdul-Ghani
presented findings from a small study (n=45) comparing GLP-1 monotherapy (liraglutide) vs.
SGLT-2 monotherapy (canagliflozin) vs. GLP-1/SGLT-2 co-administration. After four months,
combo therapy conferred more than additive weight loss - this was remarkable to see though not
surprising given what we've been hearing as hallway chatter at other gatherings like CODHy. Body
weight fell ~8 lbs in the canagliflozin group, ~4 lbs in the liraglutide group, and ~14 lbs with both
GLP-1 and SGLT-2 together. (If weight loss was exactly additive, we'd expect a ~12 lbs reduction in
the combo group - this seems synergistic!) A1c reductions were less than additive, but were still
greater with the combination (-1.9%) vs. either monotherapy (-1.1% with canagliflozin, -1.6% with
liraglutide). Notably, this weight loss and A1c data matches that of DURATION-8 (n=695), AZ's
larger clinical trial evaluating Bydureon (exenatide) + Farxiga (dapagliflozin) co-administration.
Seven-month DURATION-8 results were presented at EASD 2016, one-year data was shared at ADA
2017, and two-year results were the subject of a poster at ADA 2018. From the data collected to-date,
it seems like prescribing GLP-1 and SGLT-2 together could be a particularly effective strategy to
promote weight loss, even if the combination gives "underwhelming" A1c results (Dr. Abdul-Ghani's
words). The additive cardioprotection question has yet to be explored in a large RCT; we'd be keen
to see that study. The ADA/EASD consensus statement writing committee endorsed this
combination as safe, recommending GLP-1 on top of SGLT-2 or vice versa when patients have
comorbid CV disease and continue above their personal glycemic targets. While a GLP-1 agonist and
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an SGLT-2 inhibitor do have opposing effects on glucagon response (the former inhibits glucagon
secretion, the latter increases plasma glucagon concentration), thought leaders don't appear to be
particularly worried about this from a safety perspective; we are interested to learn more about if/
how these contradictory effects on glucagon lead to sub-additive glycemic efficacy.

CANVAS One Year Later: Understanding the Risk/Benefit Profile of J&J's
Invokana (Canagliflozin) and CV/Renal Class Effects of SGLT-2 Inhibitors

▪ ADA 2018 offered lots of follow-up on CANVAS, the headliner of ADA 2017, which
leant evidence for cardioprotection and renal protection as SGLT-2 class effects, and
presented what some perceive as a complicated risk/benefit profile for J&J's Invokana
(canagliflozin). As a reminder, this CVOT found a nearly doubled risk for lower limb amputations
with Invokana vs. placebo (HR=1.97, 95% CI: 1.41-2.75). In a particularly notable ADA poster this
year, J&J shared results from OBSERVE-4D, a real-world observational analysis of >700,000
patients. OBSERVE-4D found no increased amputation risk with canagliflozin vs. other SGLT-2s
(empagliflozin and dapagliflozin, in this analysis) or vs. other glucose-lowering drugs excluding
metformin (intent-to-treat HR=1.01, 95% CI: 0.93-1.10, p=0.71; on-treatment HR=0.75, 95% CI:
0.40-1.41, p=0.25). Dr. John Buse, who co-authored the paper on this study, considered these
findings very reassuring with regard to canagliflozin's safety in real-world practice. On the other
hand, Dr. Mikhail Kosiborod later emphasized that the majority of patients in OBSERVE-4D were
very low risk relative to those enrolled in CANVAS (~75% did not have baseline CV disease), and the
amputation signal in CANVAS was likely amplified by high-risk patients. That said, in a post-hoc
analysis, canagliflozin was found to independently ~increase amputations even after controlling for
history of CV events. Though, OBSERVE-4D found no heightened amputation risk in the ~25% of
participants with baseline CV disease, either. Dr. Kosiborod also noted that the six-month duration
of OBSERVE-4D was probably not long enough to detect an amputation signal, and indeed, we'd like
to see a longer follow-up on this cohort. In the end, these results don't drastically shift how we think
about Invokana/amputations: Our sense is that most thought leaders believe in amputations as a
risk inherent to the canagliflozin molecule, but that this is only problematic if the patient is
otherwise at high-risk for amputations, since base rate of this complication is very low (even in a
diabetes patient population). Prescribing Invokana thus becomes a challenge of proper patient
selection. We don't think amputation risk should undermine the tremendous glucose-lowering,
weight loss, CV, and renal benefits to this SGLT-2 inhibitor, especially since some thought leaders
have noted greater A1c and weight reductions with Invokana vs. Jardiance or Farxiga. Dr. Jim Gavin
pointed out that OBSERVE-4D can offer a data-driven narrative to combat some of the hysteria
surrounding amputations. He also described how some good has come out of this CANVAS signal:
HCPs were re-focused on monitoring the feet and checking for amputation risk factors in patient
care - we were very glad to hear about this.

▪ An oral presentation by Dr. Dick de Zeeuw showed consistent CV/renal benefits to
Invokana across baseline eGFR subgroups in CANVAS. Notably, the A1c-lowering efficacy
of canagliflozin was attenuated as eGFR dropped (from ≥90, to 60-90, to 45-60, to <45 ml/min/
1.73m ), but it didn't matter - the SGLT-2 inhibitor continued to decrease risk for three-point2

MACE, heart failure hospitalization, and the renal composite outcome (40% reduction in eGFR,
end-stage renal disease, or renal death). This was an incredibly exciting 15 minutes for us, because
these data confirm not only that cardioprotection is robust with Invokana (and likely with all
SGLT-2s), but that the CV benefit occurs independent of glucose control. It's meaningful that
canagliflozin continues to protect against adverse CV outcomes despite less glucose-lowering - this
reaffirms that the CV benefit in CANVAS was not driven by changes in A1c (but rather, is inherent to
the molecule), and it raises exciting possibilities about SGLT-2 as CV or renal medicine independent
of diabetes. Indeed, thought leaders like Dr. David Fitchett have speculated that patients with renal
dysfunction may stand to benefit the most from SGLT-2 inhibitors in terms of cardio and renal
protection, and it's ironic that FDA currently doesn't recommend these drugs for people with eGFR
below 45 ml/min/1.73m because of attenuated glycemic efficacy. These results bode well for2
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CREDENCE, J&J's ongoing outcomes trial which has a composite primary endpoint of end-stage
renal disease, doubling of serum creatinine, and renal or CV death and has enrolled patients with
type 2 diabetes and an eGFR ≥30 to <90 ml/min/1.73 m2 (expected to complete in June 2019).
Additionally, AZ and Lilly/BI also have outcomes trials for their SGLT-2 inhibitors in people with or
without diabetes (Dapa-CKD and EMPA-KIDNEY, respectively).

▪ While the lack of a major CVOT presentation gave ADA 2018 a different feel from
those of recent years, the enthusiasm for positive CV and renal outcomes data is as
loud and strong as ever. SGLT-2 inhibitors (as well as GLP-1 agonists) are at the heart of this
excitement. In addition to follow-up data on CANVAS, we sensed tremendous anticipation for the
DECLARE trial (for AZ's SGLT-2 Farxiga), which is scheduled to complete in July 2018 and to
report results by year-end. Very notably, DECLARE includes heart failure hospitalization in a co-
primary endpoint, and it features a large primary prevention cohort in that 60% of participants had
no history of CV events at baseline.

Reflecting on 10 Years of FDA-Mandated Diabetes CVOTs: Ample Discussion on
Trial Design & How to Maximize Insights

▪ This year marks the 10th anniversary of FDA's famed 2008 CVOT guidance, and
fittingly, ADA was rife with discussion on how these large outcomes trials should be
designed. We gathered a general consensus from thought leaders that while CVOTs are a massive
investment (occasionally deterring a company from developing a diabetes drug), they've been
worthwhile for all the insights gained: GLP-1s and SGLT-2s are cardioprotective; these classes might
also offer renal benefit; and SGLT-2s could be indicated for heart failure and CKD outside the
context of diabetes. The field is now faced with the task of making CVOTs more feasible for
manufacturers (so as not to dis-incentivize diabetes R&D) without sacrificing on insights.

◦ Drs. Steven Marso and Darren McGuire discussed ideal CVOT design during a
Friday afternoon "debate" (in quotes only because the two brilliant cardiologists
agreed on many key points!). They proposed that future CVOTs incorporate heart failure as
a primary endpoint and enroll a larger primary prevention cohort - notably, AZ's
DECLARE trial for SGLT-2 Farxiga does both, and we look forward to those results in
2H18. Drs. Marso and McGuire also suggested more studies in non-diabetes populations,
including obesity (e.g. Novo Nordisk's SELECT for GLP-1 semaglutide), heart failure (e.g.
Lilly/BI's EMPEROR, AZ's Dapa-HF), and CKD (e.g. AZ's Dapa-CKD, Lilly/BI's EMPA-
KIDNEY, J&J's CREDENCE). In many ways, this next wave of diabetes CVOTs is already
underway.

◦ Making CVOTs more feasible will largely depend on FDA and what the agency
will accept to indicate the CV safety or efficacy of a given drug. Will FDA loosen
requirements for a new product where cardioprotection is considered a class effect (e.g.
SGLT-2 inhibitors)? Could positive CVOT data support claims on combination therapy
product labels (e.g. LEADER and DEVOTE results on the label for Novo Nordisk's
Xultophy)? Will FDA require a separate, post-market CVOT for oral semaglutide even after
SUSTAIN 6 and PIONEER 6 (assuming Novo Nordisk would aim for a cardioprotection
indication on that product label)? As we understand it, many of these conversations have
been launched between FDA and different manufacturers, though it's unclear how far
along these discussions are. For example, Novo Nordisk has filed requests with FDA to
include LEADER and DEVOTE data on the Xultophy (liraglutide/insulin degludec) label.
It's unclear whether the company will move forward with plans for the SOUL CVOT of
injectable semaglutide in type 2 diabetes, or whether FDA will accept SUSTAIN 6 results as
sufficient to support a CV claim, or whether the company will shift focus anyway to oral
semaglutide's CV efficacy. Questions abound, and the only thing we can say with any
degree of certainty is that CVOT design is evolving. We'll be very interested to revisit this
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theme at ADA 2019, to note what changes have been made and how the field is continuing
to refine the design and conduct of large outcomes trials.

◦ We do hope that evolution in CVOT design culminates in more
standardization. It's already challenging to compare between CVOTs given differences
in study population, study design, study protocol, etc., as became exceptionally clear when
EXSCEL (AZ's GLP-1 Bydureon) reported at EASD 2017. We implore that in re-envisioning
the diabetes CVOT, the field pushes toward more standardization, because this further
enhances insights gained and could support treatment decisions. For example, Dr. Marso
alluded to greater heart failure benefit with SGLT-2s vs. greater impact on atherosclerosis
with GLP-1s; both therapy classes have shown compelling cardioprotection, and now we
should help providers identify the patients most likely to benefit from each so that we can
improve real-world outcomes.

Remission of Type 2 Diabetes is Becoming a Reality - But for Whom?

▪ We've noticed growing interest of late to not only treat, but reverse type 2 diabetes,
and ADA offered new data and analyses that elucidated what makes remission more
likely for some patients as opposed to others. When one-year results from DiRECT were
presented at IDF 2017, we were impressed: The intensive weight loss intervention gave 46%
remission with a protocol administered through primary care providers. In Orlando, Prof. Roy
Taylor showed that responders/non-responders were differentiated by the ability of their beta cells
to recover, and the only significant difference between these groups was mean duration of diabetes -
2.7 years vs. 3.8 years (p<0.05). In other words, shorter duration of diabetes predicted a greater
likelihood of remission with the intervention at hand (~800 calories/day for three-five months,
withdrawal of anti-hyperglycemic and anti-hypertensive drugs, stepped food reintroduction, and
structured support for long-term weight maintenance). Both responders and non-responders lost
similar amounts of weight in the initial study period, pointing to an inherent difference in ability of
beta cells to recover function.

◦ In a separate oral, Prof. Mike Lean emphasized that the factors predicting
weight loss and remission were different in DiRECT (even though remission
was much more likely - 86% - among participants who lost at least 15 kg).
Remission was predicted by lower A1c, fewer background diabetes medications, and older
age, while weight loss was predicted by higher body weight, BMI, male sex, and a shorter
duration of diabetes. Prof. Taylor's analysis also revealed a numerical but non-significant
benefit to having lower A1c and lower fasting plasma glucose. It seems as if the field is
coming to understand a phenotype of patients who have enough preserved beta cell
function that they can achieve diabetes remission with enough weight loss. That is, there's
a window, moderated by a number of baseline factors, in which type 2 diabetes can be
much more easily sent into remission.

▪ A 95-person Virta Health study in prediabetes underscored the importance of earlier
intervention. In this trial of a high-fat/low-carb diet combined with tech-enabled
remote care, Virta demonstrated 61% reversion to normoglycemia at one year and
zero progression to diabetes with a mean 11.5% weight loss. This builds on strong type 2
diabetes remission data (n=262) announced earlier this year; Virta's intervention gave a similar 60%
"reversal" rate with 12% weight loss and a 1.3% A1c drop after one year. Notably, Virta's intervention
costs ~$370/month and is currently accessed through out-of-pocket payments or employer-based
coverage. We certainly think the value proposition is a good one. We're eager to see longer-term data
from Virta as well as the DiRECT study. Two-year data collection for DiRECT is almost complete
and 2.5-year diabetes data from Virta is forthcoming as well. Both longer-term readouts will be
critical in demonstrating the long-term sustainability of diabetes remission via intensive lifestyle
intervention. For now, we remain very excited and optimistic about the scalability of these programs
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(again, DiRECT was administered in a usual care setting) and the impact they could have on long-
term outcomes and diabetes-associated costs.

▪ On a much less encouraging note, RISE Peds found that the rapid decline in beta cell
function that occurs among youth with type 2 continues despite treatment with
metformin or basal insulin glargine (Sanofi's Lantus). Our understanding is that ~5,000
youth are diagnosed with type 2 diabetes in the US each year; that's only ~one-quarter the number
diagnosed with type 1, but the rising tide of childhood obesity (up to 19% in 2015-2016) suggests that
prediabetes and type 2 diabetes in youth is an important (and in Dr. John Buse's words, "scary")
public health concern. Moreover, the pathophysiology of type 2 in youth is poorly understood: We
know that beta cell function falls off more quickly than it does in adults with new-onset type 2, but
we don't know why, and we don't know how to stop or reverse it with any available drugs, since
neither metformin nor insulin glargine were effective in RISE Peds. DiRECT results would lead us to
believe that rapid decline in beta cell function makes it very difficult to reverse type 2, since Prof.
Roy Taylor described beta cell vitality as the differentiating factor between responders/non-
responders. Other largescale trials, including the DPPOS and SCALE, have demonstrated efficacy of
medications including metformin, acarbose, liraglutide, and insulin on preserving the beta cell and
improving the progression of dysglycemia in adults, but that doesn't seem to apply in younger
patients. As such, Dr. Buse emphasized the need to address childhood obesity/type 2 diabetes as a
public health problem; he called for aggressive public health action, including campaigns against
marketing from the food industry that targets children. All in all, while ADA offered several exciting
"wins" for type 2 diabetes remission strategies in adults, the situation is bleak for youth. Read more
about RISE Peds directly below.

Major Symposia - VADT-f, RISE, TEDDY - Offer Neutral Data at Best, Negative at
Worst; Biggest Takeaway is Knowing How Much We Don't Know

▪ With no CVOT presenting this year, we looked to other symposia for major influential
data, the data we'd be talking about in the year ahead. Sadly, these symposia - from
VADT-f to RISE to TEDDY - reported mostly negative or neutral results. The VADT
15-year follow-up found no significant micro or macrovascular benefit to intensive glucose control
(an aim to lower A1c 1.5% from baseline). The hazard ratio for the primary composite CV outcome
was 0.91 trending toward intensive control (95% CI: 0.78-1.06, p=0.23), and for the renal composite
outcome was 0.90 trending toward intensive control (95% CI: 0.63-1.27, p=0.55). For eye events,
the hazard ratio was 0.84 (95% CI: 0.70-1.00, p=0.053), again favoring intensive control but
missing statistical significance. RISE Peds found that neither insulin glargine (Sanofi's Lantus) nor
metformin can preserve or improve beta cell function in children/adolescents with type 2 diabetes
or prediabetes: Both steady-state C-peptide and ACPRmax (arginine at maximal glycemic
potentiation) declined over the course of the trial, reflecting continually worsening beta cells.
Finally, TEDDY struggled to pin down the environmental triggers of type 1 diabetes; neither
childhood GI infection nor maternal vitamin D or omega-3 supplementation were significantly
correlated with onset of autoimmunity. In other words, these trials primarily highlighted what we
don't know about type 1 and type 2 diabetes - the controversy continues over whether tight A1c
control is optimal for CV risk reduction, no drugs in our current toolkit seem to address the
underlying pathophysiological defects of type 2 diabetes in youth, and environmental stimulants of
type 1 diabetes remain a mystery.

▪ That said, we walked away from these symposia with important takeaways
nonetheless.

◦ On VADT-f, speakers speculated that these findings may not be relevant in an era of
cardioprotective diabetes drugs, because A1c-lowering shouldn't be the focus of modern
diabetes management - we should first and foremost target CV risk. Dr. Peter Reaven, a
VADT investigator, argued that treatment decisions should consider CV effects as seriously
as glycemic effects, and he noted that SGLT-2s and GLP-1s are used infrequently in the VA
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patient population. Independent commentator Dr. Hertzel Gerstein emphasized that
maintaining good glucose control is probably just as important as achieving it. He also
shared findings from a meta-analysis of VADT, ACCORD, ADVANCE, and UKPDS
supporting that A1c <7% does significantly lower microvascular risk overall. We loved Dr.
Gerstein's plug for personalized glycemic targets: "Please put your hand up if you're
average. Nobody is average!" he asserted. "Clinical trials do not tell you how to treat the
patient in front of you, because they just say what works on average." Indeed, when asked
what A1c goal they set for their patients today, none of the panelists could give a clear
answer - because it always depends.

◦ On RISE Peds, independent commentator Dr. John Buse advocated that we address
childhood obesity as a public health crisis (even more so than a medical one). He argued
that we should demand marketing restraint from the food industry, suggested we explore
more aggressive public health policy, and highlighted that research should continue
evaluating therapeutic and surgical approaches to obesity, type 2 diabetes, and prediabetes
in youth. We too took this as the most important learning from RISE Peds, and we'd
particularly like to see more investment in the built environment (it should be conducive to
physical activity) and in access to healthy food. In terms of research, we hope to see more
rigorous investigation to identify public health strategies that work. For now, we imagine
the greatest ROI may come if we approach population-level obesity in youth as a public
health problem rather than a medical challenge.

◦ On TEDDY, Dr. Riitta Veijola reported that having a second degree relative with type 2
diabetes delayed progression from autoimmunity to type 1 diabetes vs. those without a
family history of type 2 (HR=0.61, 95% CI: 0.44-0.86, p=0.003). This analysis was
adjusted for class II HLA, age at seroconversion, first-degree relatives with type 1, IAA and
IA-2A titers, and seven SNPs. There were no notable differences based on first-appearing
autoantibody. Dr. Veijola called these results "quite intriguing," and we agree.

Next-Generation Glucagon from Xeris, Zealand, Lilly Poised to Revolutionize
Hypoglycemia Treatment

▪ Hypoglycemia was a major focus at this meeting overall, and within that realm, we
noticed particular enthusiasm for imminent innovation in glucagon rescue therapy.
Dr. Mark Christiansen presented results from a phase 3 trial (n=80) of Xeris' glucagon autoinjector
(intended brand name "MyGluca") in type 1 diabetes. The autoinjector showed equivalent efficacy to
Lilly's glucagon emergency kit in raising blood glucose and improving patient-reported
neuroglycopenic and autonomic symptoms. Importantly, this equivalent efficacy also came with
greater ease-of-use in the autoinjector arm, since Lilly's kit requires a lengthy, error-prone
reconstitution process. Indeed, a human factors study found that 99% of trained and untrained
users were able to successfully administer the full glucagon dose with Xeris' autoinjector. The
primary issue with current glucagon reconstitution kits is that they are cumbersome and not user-
friendly, particularly for those unfamiliar with diabetes, syringes, etc., and an autoinjector - enabled
by the liquid-stable glucagon inside of it - is an elegant solution to this problem, ultimately offering
an improvement in patient safety. We also got a full look at phase 2 results (n=17) on Zealand's
liquid-stable dasiglucagon (to be commercialized as the HypoPal autoinjector), following a topline
release in May. Dasiglucagon demonstrated equivalency to Novo Nordisk's GlucaGen in raising
blood glucose. We now eagerly await phase 3 data on dasiglucagon from both a pivotal study as a
single-dose rescue therapy vs. GlucaGen and an immunogenicity trial, for which positive topline
results have been released. Our attention is now turning to the submission and market entry of these
candidates: Xeris is targeting 3Q18 for FDA submission, while Zealand is targeting 2019; Lilly also
plans to file an NDA for its nasal glucagon candidate by end of 2018. While questions remain
surrounding future reimbursement, pricing, and market size, we're beyond excited about these
much-needed innovations in this much under-served area of diabetes therapy.
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Increasing Attention on Access, Affordability, & Cost-Effectiveness (Analyses on
Sanofi's Next-Gen Toujeo, Steno-2/Multifactorial Treatment)

▪ ADA 2018 was chock-full of cost-effectiveness data, pointing to the compelling ROI of
newer diabetes drugs as well as more intensive, multifactorial approaches to
treatment. A cost-effectiveness analysis from Sanofi's DELIVER 2 study found that switching to
Toujeo (insulin glargine U300) from another basal insulin led to ~$1,439 saved per patient per year.
In line with the original DELIVER 2 findings (switching to Toujeo reduced the risk of hypoglycemia
in a real-world setting), these cost-savings were driven by lower hypoglycemia-related healthcare
utilization, including fewer hospitalizations (2.8% of people on Toujeo vs. 4.3% of people on other
insulins, p=0.037); a smaller proportion of people visiting the ER (3.1% vs. 5.1%, p=0.007); and
fewer patients requiring outpatient care (12.5% vs. 15.4%, p=0.011). Similarly, a cost-effectiveness
analysis of Steno-2 showed >$1,500 in healthcare savings per patient per year with multifactorial
treatment (simultaneous glucose-lowering, blood pressure-lowering, and lipid-lowering) vs.
conventional therapy (p=0.045) in a Danish population with type 2 diabetes. The lion's share of
these savings (>$1,000 per patient per year) was attributable to reduced costs for inpatient services
due to CV complications (~$1,550 vs. ~$2,580/patient/year, p=0.002). This illustrates an additional
economic incentive for more intensive diabetes therapy, in addition to its compelling clinical
benefits (in Steno-2, intensive therapy gave ~50% microvascular risk reduction after four years,
~53% macrovascular risk reduction after eight years, 46% risk reduction in mortality after 13 years,
and an average of nearly 8 years of life gained after 21 years). We only hope that these numbers
resonate with payers and providers, as we continue to believe that more aggressive and/or advanced
diabetes therapy should be viewed not as a cost, but as an investment in greater health and safety.

▪ We were also pleased to see hard data on access/affordability (because it's one thing
to note that these are issues in diabetes care, and another to quantify them so that we
can build a case for improving access). Yale's Ms. Darby Herkert presented a survey (n=199)
to show that one in four patients with diabetes underuse insulin due to cost constraints. This 25% of
patients is 3x as likely to have an A1c above 9%, which clearly links medication expense to utilization
to outcomes. As another example, ADA and IBM Watson Health conducted a study using insurance
claims data from >300,000 Americans with type 2 diabetes. Of this cohort, 31% of patients had
altogether discontinued their diabetes medications after three months; this grew to 44% by six
months and 58% by one year. Virtually all patients in the database started with metformin as first-
line, and the few who didn't discontinue therapy were most likely to remain on metformin
monotherapy one year later. Only a vanishingly small fraction of the patient population intensified
therapy after one year, and even then, this intensification was to metformin/SU combos,
metformin/DPP-4 inhibitor combos, or standalone SUs and DPP-4s (as opposed to more efficacious
options like SGLT-2 inhibitors or GLP-1 agonists, with weight loss and CV benefits to boot). In our
view, these findings are inextricable from the challenge of poor reimbursement/access to more
advanced diabetes drugs.

Mixed Results on Disease-Modifying Treatments for T1D: TrialNet Study Finds
Promise in Low-Dose ATG for Recently-Diagnosed Type 1s; Two-Year Data on
ViaCyte's PEC-Encap; Negative Data from TEDDY, Kamada

▪ While there were a fair number of presentations at ADA about "curing" or preventing
type 1 diabetes, our overall sense of this field was not drastically changed - there's a lot
of passion and enthusiasm for disease-modifying type 1 therapies, but we're a long
road away from a commercial product. We saw positive data from both ViaCyte (the PEC-
Encap system) and TrialNet (investigating low-dose ATG in recent-onset diabetes). University of
Florida's Dr. Michael Haller discussed the TrialNet data (n=84), emphasizing the benefits of low-
dose antithymocyte globulin (ATG) therapy on C-peptide levels in people with disease duration <100
days. After one year, participants on placebo experienced a ~0.45 mmol/L decline in C-peptide
levels, which was attenuated to only ~0.1 mmol/L decline with ATG monotherapy (p=0.0003) and
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~0.25 mmol/L decline with a combination regimen of ATG + granulocyte colony stimulating factor
(GCSF, p=0.031). These improvements in C-peptide were accompanied by improvements in A1c:
From a baseline 7.5%, A1c fell to 6.5% with ATG monotherapy (p=0.002) and trended downward to
7% with ATG/GCSF combination therapy (p=0.011). Neither treatment produced meaningful
reduction in insulin dose, but this was a relatively short duration of follow-up. Two-year data
collection will be completed this Fall, and we look forward to learning whether these promising
effects are durable. Dr. Haller memorably referred to these ATG and ATG/GCSF cocktails as "Brazil
Lite," since they're meant to be a more tolerable version of the Brazil Cocktail (also known as the
Voltarelli Cocktail), which used more intensive doses of ATG to produce insulin independence in
~60% of subjects, but at the cost of severe side-effects and immune-compromization. We're
cautiously optimistic that "Brazil Lite" will have at least "lite" efficacy with a much better safety/
tolerability profile. But again, this is early-stage research and we must manage expectations when it
comes to a type 1 "cure." UC San Diego's renowned Dr. Robert Henry shared ViaCyte's data, framing
PEC-Encap as safe and well-tolerated overall. In the first cohort of patients from the phase 1/2 STEP
ONE trial (n=19), the device successfully preserved insulin-producing function from the
encapsulated beta cells. Dr. Henry highlighted that cell survival and engraftment was strongest in
areas where PEC-Encap experienced strong host tissue integration and vascularization. After two
years, the larger PEC-Encap device (STEP ONE evaluated two sizes, VC-01-250 and VC-01-20) was
found to contain mature insulin- and glucagon-secreting cells with no immune response detected.
We are certainly excited about PEC-Encap and about ViaCyte's entire pipeline of beta cell
encapsulation therapies, though questions remain about how long PEC-Encap can evade foreign
body response. Moreover, these candidates are all in the earlier stages of clinical development. Once
again, we think it's essential to keep enthusiasm in check so that we're managing expectations for a
type 1 "cure" (and no results reported at ADA suggested that this disease-modifying product is close
on the horizon).

▪ Kamada's phase 2 trial of serine protease inhibitor AAT was also presented at ADA, by
Israel's Dr. Yael Lebenthal. This study (n=70 newly-diagnosed type 1s, ages 8-25) failed to meet
its primary endpoint of a significant reduction in C-peptide area under the curve (AUC), although a
subgroup analysis showed a significant effect for participants 12-18 years-old. In this cohort, the 120
mg/kg AAT dose lowered C-peptide AUC by 0.18 pmol/ml (p=0.20). For all ages, there appeared to
be a dose-dependent relationship between AAT and A1c-lowering: After one year, patients on 120
mg/kg AAT had a mean A1c of 6.7% vs. 7.8% with 60 mg/kg AAT and 8.2% with placebo. Moreover,
a higher proportion of participants who received the higher dose of AAT reached A1c <7% (75%) vs.
lower dose AAT (27%) and placebo (25%). Kamada must now decide whether to continue the
development program for AAT in newly-diagnosed type 1s 12-years and up. While it's difficult to
imagine a business model for a future drug that's only effective in such a narrow population, we do
wonder if these business models will be rolled out over time, since Kamada's candidate isn't the only
one to show efficacy in only a subgroup of type 1 diabetes patients.

▪ Findings from the TEDDY study, presented during a Saturday afternoon symposium,
were similarly underwhelming. TEDDY aimed to identify environmental triggers of type 1
diabetes, and found that neither childhood GI infection nor maternal vitamin D or omega-3
supplementation were significantly correlated with onset of autoimmunity. The most intriguing
observation was that having a second degree relative with type 2 diabetes delayed progression from
autoimmunity to type 1 diabetes vs. those without a family history of type 2 (HR=0.61, 95% CI:
0.44-0.86, p=0.003). Our optimism for disease-modifying therapies is measured given our still
incomplete understanding of type 1 pathogenesis and the practical limitations of a treatment that
must be delivered in a short, specific window after diagnosis. To be sure, adjunct therapies for type 1
diabetes shined brighter at ADA compared to disease-modifying "cure" or prevention therapies (see
above). In general, we see more short-term promise in adjunct therapies and technology (CGM,
closed loop systems) when it comes to improving quality of life for people with type 1 diabetes. That
said, the competitive landscape for type 1 cure and prevention approaches remains incredibly
robust, and we're so glad that researchers are fiercely committed to this endeavor. Indeed, Lilly and
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Novo Nordisk each recently announced expanded programs to develop beta cell encapsulation
therapies, so the march will continue on for a strategy that effectively "cures" type 1 diabetes.

Growing Interest in Psychosocial Care for People with Diabetes; Call to Include
Mental Health Providers on Diabetes Care Teams

▪ By our count, more than 20 abstracts at ADA 2018 addressed the psychosocial aspects
of diabetes care, which continues a trend of increasing focus on distress and
depression as diabetes complications. Last year's Sci Sessions marked the first year the
conference placed a specific emphasis on this topic, and we sensed deepened interest in 2018. On
Friday, Dr. Mary de Groot (who co-authored the ADA Position Statement on Psychosocial Care)
opened a symposium on mental health disorders and diabetes distress by describing the prevalence
and severity of depression and anxiety in patients with diabetes. Dr. de Groot mentioned that one in
four people with diabetes will have depression in their lifetime. She reviewed evidence establishing a
definitive association between depression and poorer glycemic control, lower adherence, more
complications, and higher mortality. It's telling that Dr. de Groot - a veritable leader in this field - is
still set to the task of discussing the existence of a diabetes/mental health link instead of possible
solutions for the individual and for the entire patient population. This signals low awareness of these
complications, despite efforts from ADA and others to expand knowledge. That said, at ADA 2017,
Dr. de Groot presented results from Program ACTIVE II (n=150) to show that exercise and/or
behavioral therapy helped improve symptoms of depression while also lowering A1c.

▪ Speakers also stressed that diabetes and depression have a bidirectional relationship -
either one can pave the way for the other. To this point, Dr. de Groot referenced a 2013 study
that found a hazard ratio of 1.43 (95% CI: 1.16-1.77) for diabetes predicting depression and a hazard
ratio of 2.02 (95% CI: 1.80-2.27) for depression predicting diabetes; while this association is likely
more correlative than causative, it's an important relationship to unpack nonetheless. In a later talk
on best practices for mental health management, Dr. Mark Williams cited a separate finding that
diabetes increases relative risk of depression by 25%. He argued that diabetes and depression should
be treated with some form of collaboration between PCPs and psychiatrists; with all the talk of
multidisciplinary care teams, let's not forget the importance of mental health providers on those
teams. In the same session, Dr. John Newcomer addressed the use of antipsychotic medications and
urged clinicians to be careful about which medications they prescribe. According to a 2017 meta-
analysis, nearly all antipsychotics induce statistically significant weight gain - part of the reason that
they have an FDA class warning for hyperglycemia and diabetes risk. Unfortunately, Dr. Newcomer
commented that no new pharmacotherapies to manage antipsychotic-induced weight gain are
coming in the foreseeable future, meaning that clinicians must instead focus on prioritizing lower
risk medications and emphasizing prevention and intervention with their patients.

Inspiring Award Lectures Share Lens into the Future: A Better Understanding of
Type 2 Diabetes Pathophysiology + Drugs That Target the Brain to Improve
Metabolism

▪ As always, we were incredibly inspired by ADA's lineup of award lectures. We discuss
just a few examples here, and you can read about many more in our full conference report. Yale's Dr.
Gerald Shulman received the prestigious Banting Medal for Scientific Achievement, and his award
lecture was a tour-de-force on the physiology of insulin resistance. He summarized a decades-long
body of work into the following framework: Under circumstances of caloric imbalance, fat storage
shifts from adipocytes to muscle and liver, leading to insulin resistance in all of these tissues. This
insulin resistance interrupts two of insulin's major effects: (i) direct action on liver cells to increase
glycogen synthesis, and (ii) indirect action on adipocytes to decrease gluconeogenesis. The
disruption of glycogen synthesis and the disinhibiting of gluconeogenesis spells increased glucose
production, leading to hyperglycemia and eventually the development of type 2 diabetes. Dr.
Shulman's lab is currently exploring a liver-targeted mitochondrial uncoupling agent (still in
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preclinical development), which undoes these consequences of insulin resistance; phase 1 trials
could begin soon. Dr. Mark Atkinson and Ms. Carol Atkinson received ADA's Humanitarian Award
for their tireless efforts to support the diabetes communities in Texas, Florida, Puerto Rico, and the
Caribbean following hurricanes Harvey, Irma, and Maria. Ms. Atkinson and Dr. Atkinson
respectively serve as the Director and President of the Board of Directors for Insulin for Life USA, a
non-profit dedicated to providing diabetes medications and supplies to people with diabetes in the
US and worldwide who lack access for a multitude of reasons ranging from natural disasters to
financial limitations. They led emergency relief efforts to deliver an astounding >4,600 lbs of
diabetes supplies to thousands in need. University of Aberdeen's Dr. Lora Heisler won this year's
Outstanding Scientific Achievement Award, and in her lecture, she discussed the neurobiology of
metabolic disease, positioning the brain as the next frontier of drug development for type 2 diabetes.
Dr. Heisler has mapped the mechanism of action for obesity drugs D-fenfluramine (now
discontinued due to CV side-effects) and lorcaserin (Arena/Eisai's Belviq): Both agents mimic the
action of serotonin on the 5HT-2C receptor in the brain, which then stimulates the release of α-
MSH, which in turn binds to MC4R receptors, thereby activating the appetite-suppressing pro-
opiomelanocortin pathway. Dr. Heisler contextualized that when her research career first began, the
notion of drugs that act in the brain to improve metabolism was completely unheard of, and funding
for research into this topic was hard to come by. Fast forward to today, and GLP-1 agonists (which
have targets in both the brain and the gut) are all the rage for the treatment of diabetes and obesity,
and the obesity drug competitive landscape abounds with neural-acting candidates like FGF-21
analogs, MetAP2 inhibitors, and MC4R agonists (which, like lorcaserin, act on the pro-
opiomelanocortin pathway).

Diabetes Technology

Major New Devices Debut at ADA, Propelled by FDA and Accelerating Progress in
CGM, AID, Apps, and Interoperability

▪ In a sign of diabetes technology's accelerating pace, the FDA approved three major
PMAs on the meeting's eve: Medtronic's MiniMed 670G pediatric indication (7-13
years), Senseonics' Eversense 90-day implantable CGM, and Tandem's Basal-IQ/
Dexcom G6 (PLGS) - read coverage here, here, and here. One of those would have been a big day,
but three in one day on the eve of ADA was truly remarkable! This complemented ADA debuts for
DreaMed/Glooko's Advisor Pro clinical decision support software (cleared a week before ADA),
Insulet's touchscreen Omnipod Dash touchscreen PDM (cleared in early June), Dexcom's no-
calibration G6 CGM (cleared in March), Medtronic's Guardian Connect and Sugar.IQ app (approved
in March), and of course Abbott's FreeStyle Libre real-time (approved last September). To cap off
the meeting with another approval on Monday, Medtronic announced a CE Mark for the MiniMed
670G/Guardian Sensor 3 in 7+ years, enabling the first hybrid closed loop launch outside the US in
10 EU countries this fall - and with pediatric approval from the start.

▪ Every diabetes device product theater we attended was absolutely packed at ADA,
reflecting more interest than we've ever seen in diabetes technology. Companies are
certainly raising their game, much to attendees delight - Insulet's Omnipod Dash was widely cited as
a terrific example of user-centric design, Dexcom's G6 received praise for its strong no-calibration
accuracy and new FDA iCGM pathway, Abbott's FreeStyle Libre was frequently called a
gamechanger among providers in attendance (especially related to cost and pharmacy access),
Medtronic's MiniMed 670G was lauded for delivering strong time-in-range (>70%) and securing a
pediatric approval, and Senseonics' Eversense and Tandem's Basal-IQ were noted as excellent new
options in AID and CGM.

▪ By any measure, the year-over-year progress in diabetes technology has been
remarkable. At ADA 2017, there was only one standalone real-time CGM in the US
(Dexcom G5); now there are four more with Abbott's FreeStyle Libre real-time, Medtronic's
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Guardian Connect, Senseonics' Eversense, and Dexcom's G6 entering the market! One year ago,
there were zero factory-calibrated real-time CGMs in the US; now there are two with G6 and
FreeStyle Libre. CGM interoperability was certainly of interest at ADA 2017, but there was no
pathway besides the traditional, lengthy PMA route; this year, Dexcom marketed the first
"integrated CGM" (G6) and Tandem showed why it matters with the unexpected early approval of
Basal-IQ with G6 - the first iCGM-compatible pump and clear sign of things to come. We believe
interoperability will increasingly become a key feature advantage, enabling companies to move
faster, iterate more quickly, and integrate more seamlessly with the growing ecosystem of diabetes
devices and apps. Korea-based SOOIL even announced plans to submit an open protocol pump to
the FDA, hoping to commercialize a device tailored for the DIY community by ADA 2019. During the
JDRF/NIH/HCT Closed-Loop Research night, Dr. Aaron Kowalski praised this move and shared
strong enthusiasm for the non-profit's Open Protocol initiative - this did not even exist at ADA 2017!
As noted below, the DIY community had its strongest presence ever at ADA, and we fully expect the
pace of technology to continue accelerating over the next year - particularly as the regulatory process
becomes more streamlined with iCGM (and potentially iPump?), as FDA's Digital Health PreCert
program beta launches at the end of this year, as the DIY community pushes industry faster, and as
more companies push innovation to software and move to consumer-grade hardware. Perhaps most
of all, the higher level of competition will continue to drive the entire diabetes technology field
forward!

Automated Insulin Delivery Commercial Progress from Medtronic, Insulet,
Diabeloop, Tandem; Industry-DIY Start to Blend; Compelling Research from
Cambridge Inpatient, McGill on Pramlintide, Bionic Pancreas

▪ In automated insulin delivery (AID), we saw progress on several commercial systems,
alongside a greater presence for the DIY community and promising academic
research on other hormones and populations. Highlights included Insulet's Omnipod
Horizon five-day hotel studies in 6+ years; Medtronic's MiniMed 670G real-world data (including in
former MDIs), a CE Mark, and a bold outcomes-based $25,000 guarantee for payers; FDA approval
of Tandem's Basal-IQ/Dexcom G6 PLGS system (launch in August) and the Control-IQ pivotal
finally getting underway; and new Diabeloop data. Though Medtronic is still the only company to
have an approved hybrid closed loop product on the market, momentum is certainly building for
other companies' products - even if they are quite a bit behind Medtronic. Though this ADA had no
huge pivotal studies or long-term data, we expect to see much more by ADA 2019.

◦ Insulet presented three strong abstracts from five-day studies of the Omnipod
Horizon hybrid closed loop in adults, adolescents, and pediatrics. The studies
compared 96 hours of hybrid closed loop with a tablet computer and Dexcom G4 CGM to
seven days of patients' standard therapy. In adults, Horizon drove a robust +2.7 hour/day
improvement in the range of 70-180 mg/dl (74% vs. 63%), a dramatic 63% reduction in
time <70 mg/dl (-46 mins/day: 1.9% vs. 5.1%), and a one-hour per day reduction in time
>250 mg/dl (-58 mins/day: 4.5% vs. 8.5%). In adolescents and pediatrics, the
improvement was far more striking: impressive +3-4-hour/day improvements in time-in-
range (!) and two-hour/day reductions in time >250 mg/dl, reflecting far more
hyperglycemia in the younger age groups. Overnight outcomes looked similar or slightly
better, depending on the group. In an encouraging sign for commercial use, Horizon users
were in closed loop ~98% of time - and this was not even a commercial-ready platform.
Insulet is being very methodical in the testing of its system, though the algorithm seems
strong and the Omnipod's tubeless form factor is unparalleled. We hope the company
moves quickly to a pre-pivotal and to a pivotal (no timing shared). Presumably a ~2020
launch is still on track.

◦ Medtronic presented a host of data describing MiniMed 670G's US
performance in the real world (100,000+ systems shipped in the US). The
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population-wide data have been positive enough for Medtronic to offer a bold
$25,000 outcomes guarantee for payers. At the top of our list of real-world 670G
outcomes were those in former MDI users (n=241). Relative to the pivotal trial and a
bigger real-world 670G data set from 30,337 users, these 241 former MDI users had
similar Auto Mode outcomes on the MiniMed 670G: 73% time-in-range (70-180 mg/dl),
2% time <70 mg/dl, and 25% time >180 mg/dl. The change from manual mode was also
similar to the other groups: a +1.9 hour improvement in time-in-range (73% vs. 65%), no
change in hypoglycemia, and an 8 mg/dl improvement in mean glucose. Notably, the MDI
users spent 82% of the time in Auto Mode, slightly higher than the real-world users (79%)
and closer to the pivotal's 87%. Ideally, Medtronic would've also presented outcomes from
the patients' pre-670G MDI days - the transition we're really interested in - though that
would've admittedly been a much more difficult analysis to conduct.

◦ In the biggest outcomes-based deal in pumps/CGM to date, Medtronic
launched a 670G outcomes guarantee for payers: if there is a
diabetes-related hospitalization or ER visit for a patient on the 670G,
Medtronic will reimburse it up to a cap of $25,000 over a four-year
period. Wow! We admire this move - the third public value-based contract for
Medtronic Diabetes after deals with Aetna and UHC. This 670G guarantee shows
Medtronic standing by its devices' outcomes by putting its own money on the
line! Will it put pressure on the rest of the field to propose similar arrangements?
Will it change coverage dynamics in the US market? Will such guarantees
become table stakes for competing in the future? Though 670G is on the market,
Medtronic's pipeline for improvements is moving slower than we expected even a
year ago. Using payers as an additional battle ground could insulate 670G against
competitive system with more compelling feature sets (e.g., auto bolusing in
Tandem's Control-IQ, no-fingersticks with Dexcom's G6 integrated systems,
potential smartphone control from Bigfoot and Insulet, etc.).

◦ Medtronic also finally announced CE Mark for the MiniMed 670G
hybrid closed loop, with a launch to commence this fall in 10
European countries: Belgium, Denmark, Finland, Ireland, Italy, Netherlands,
Spain, Sweden, Switzerland, and the UK. As noted above, it will launch with
pediatric approval (7+ years) from the start.

◦ Diabeloop 12-week home data (n=67) from a randomized crossover trial of its
AID system (Cellnovo patch pump + Dexcom CGM + algorithm on handset)
were very positive, with time in 70-180 mg/dl increasing by over two hours/
day vs. open loop. Efficacy in the overnight period was very similar to that seen in the
24-hour data. Diabeloop still intends to obtain CE Mark and launch in France, the
Netherlands, and Sweden in late 2018. Assuming it hits this goal, it is likely to be second to
market OUS with hybrid closed loop, following the 670G.

◦ Tandem's Basal-IQ (predictive low glucose suspend) with Dexcom's G6
received FDA approval the day before ADA started in users 6+ years. A US
launch is expected in August, including a free software update for in-warranty t:slim X2
users. This will be the second approved AID system to launch in the US, following the
670G. Basal-IQ was not a major focus at this ADA or in Tandem's booth, but we expect it
will have a big presence at AADE.

◦ Tandem didn't have new data on its Control-IQ closed loop system
(t:slim X2 + G6 + TypeZero) with auto correction boluses, but we
learned that the pivotal opened enrollment as of June 21 - see the
ClinicalTrials.gov post here. The plan is to enroll 168 participants,
comparing six months of closed-loop to six months of sensor-augmented pump
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therapy (same devices, no automation). The study is expected to finish by "April
2019," with a primary outcome of time-in-range and a remarkable number of
secondary outcomes. As of two months ago, Tandem expected a rolling PMA
submission in the second half of this year and a US launch in "1H19" - this is
ambitious timing to be sure, though the precursor Basal-IQ has hit its timing
with the added bonus of integrating with Dexcom's G6 iCGM. Even if the timing
slips, Tandem looks positioned to be second to market in the US with hybrid
closed loop, and the first with a system that includes automatic bolusing.

▪ Brave moves from SOOIL Korea and Diabeloop to embrace and incorporate software
from the OpenAPS community show how industry and the DIY movement don't have
to stand on opposite sides of the street. At DiabetesMine's D-Data Exchange, SOOIL's Mr.
Justin Walker shared bold plans to submit the company's smartphone-controlled Dana RS insulin
pump to the FDA/CE Mark with an open communication protocol, and to also register a version of
the open source OpenAPS algorithm. In other words, a pump tailored for the DIY community, which
could radically change the innovation paradigm in the field. Meanwhile, Diabeloop will incorporate
features inspired and at least partially designed by the OpenAPS community in its second-
generation closed loop, expected to begin rolling out in early 2019. One of the modules, a fallback
setting for when the patient is kicked out of closed loop, was "nearly copied and pasted" from
OpenAPS, and the company would also like to include a variant of OpenAPS' "eating soon" setting in
the second-gen system. We will be keeping an eye on all of the regulatory questions that come with
open protocol/DIY approaches: Will SOOIL actually do what it claims? Will it have to run a pivotal
RCT with the OpenAPS algorithm running on its pump? Will the open protocol pump become a
compelling feature that drives pump uptake? What if the OpenAPS algorithm is improved by a DIY
developer on Github - could users of the SOOIL system adapt the updated algorithm? What kind of
studies will needed to incorporate modes like "eating soon" into a commercial system (Diabeloop
believes in silico simulation will be sufficient, at least in the EU)? Will other companies follow suit,
leveraging and helping to scale the DIY community's - presumably free - work?

▪ We also saw excellent academic research from the McGill (pramlintide + insulin),
MGH/BU Bionic Pancreas (insulin-only vs. insulin/glucagon), Cambridge (inpatient
fully closed loop in type 2s), and Harvard (MPC plus adaptive algorithms) groups. The
work reflects an important academic community move to improve current hybrid closed loop with
additional hormones, smarter algorithms, and new populations.

◦ The JDRF-funded, 24-hour McGill study with the Class AP algorithm that Lilly has
licensed, found bihormonal closed loop (insulin + pramlintide [amylin analog] infused in a
fixed ratio) significantly boosted time-in-range to 86% vs. 74% with insulin alone (+3
hours/day). Notably, this improvement didn't come at the expense of increased
hypoglycemia or side effects, and was apparently driven by much-improved postprandial
response. We thought this was among the most groundbreaking AID research at ADA -
hopefully an amylin/insulin co-formulation will remain in the cards as a strong next-gen
closed-loop addition!

◦ The Bionic Pancreas team presented head-to-head data comparing seven days of
insulin-only closed loop to seven days of bihormonal (insulin/glucagon) closed loop to
seven days of usual care. Bihormonal had a slight edge in the well-controlled study: mean
glucose was 165 mg/dl on usual care, dropped to 148 mg/dl on insulin-only, and dropped
further to 139 mg/dl on bihormonal. Similarly, time-in-range (70-180) was 60% on usual
care, improving to 72% with insulin-only and up further to 79% with bihormonal. Median
% time <54 mg/dl was very similar across the three arms and extremely low (<0.7% in all
three arms). Overall, the Bionic Pancreas insulin-only outcomes look excellent and similar
to other systems - with some potential user experience advantages around startup and
meals - and the addition of glucagon seems to add a bit more efficacy and aggressiveness.
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(Of course, whether payers/patients will cover the cost of glucagon remains to be seen, but
it is truly exciting to see the head-to-head research being done.)

◦ The Cambridge closed loop group scored a major win at ADA, presenting positive
fully automated inpatient type 2 closed loop data, which was simultaneously published in
the NEJM. Overall, participants who received closed loop therapy (n=70) spent a
significant 5.8 more hours in-range (100-180 mg/dl; 65.8% vs. 41.5%) and 6.2 fewer hours
>180 mg/dl (23.6% vs. 49.5%) per day as compared to the control (n=66). Wow! We
cannot wait to see closed loop make its way into the hospital.

◦ Finally, a poster (Pinsker et al.) described the compelling results of Harvard's
eMPC ("enhanced MPC") algorithm, set to be evaluated in protocol four of the IDCL
as soon as 4Q18. The algorithm builds on a traditional MPC by adapting insulin response
to the degree of confidence ("trust index") it has in a certain action. With this additional
software, n=15 participants saw time-in-range increase from ~75% on SAP to 88% on
hybrid closed loop over a two-day study. Time <70 mg/dl was reduced five-fold, from 7.8%
to 1.5%. Impressively, time-in-range was 88% both during the day and overnight, despite
at least three meals per day with a minimum of 30 carbs/meal and one unannounced
exercise session on the morning of day two. We look forward to the IDCL study to see if the
trust index can maintain effectiveness over a longer time period, in the real-world, and in a
bigger sample.

Moving from Beyond A1c Consensus to Validation, Headlined with TIR Data from
DCCT

▪ The "Beyond A1c" movement has picked up tremendous momentum in just one year:
from initial consensus on definitions at ADA 2017 to the start of validating CGM-
based outcomes at this ADA! The headline presentation came from Jaeb's masterful Dr. Roy
Beck, who shared a never-before-seen time-in-range analysis of DCCT (seven-point fingerstick) data
- it turns out that the correlation is very strong between time in 70-180 mg/dl and microvascular
complications, a tremendous win in the fight to validate CGM metrics! Time in 70-180 mg/dl
(>50%, 40%-50%, 30%-40%, <30%) had a stepwise correlation with retinopathy progression and
development of microalbuminuria in the DCCT. Notably, each 10-percentage-point drop in time-in-
range increased the hazard rate for retinopathy progression by 61% and for microalbuminuria by
53%. Side-by-side, the A1c and time-in-range graphs looked almost identical - wow! It is remarkable
the correlation is this tight, given that seven-point daily fingersticks were only taken quarterly
during DCCT (pre/post meals and pre-bedtime). If anything, Dr Beck pointed out, the correlation
might be stronger with CGM, which would more accurately capture time-in-range after meals and
overnight. We hope these data, once published (forthcoming), make a compelling case to regulators
and payers that time-in-range endpoints are truly meaningful. And on a related note, that we do
NOT need a modern-day DCCT to validate time-in-range.

▪ "Going Beyond A1c" mentions were the norm at ADA 2018, rather than an exception.
About a year ago, we'd enthusiastically note any time a speaker referenced the importance of CGM
endpoints, the limitations of A1c, the value of time-in-range and AGP, etc.; now, it is increasingly
rare not to see such mentions, at least in device-related talks. (The diabetes therapy world is more
A1c-centric, though drug presentations are increasingly sharing CGM data too - e.g., SGLT inhibitors
in type 1 diabetes.) We saw Beyond-A1c talks from Dr. Rich Bergenstal (the new "GMI" calculator on
Jaeb.org, replacing "estimated A1c" [eA1c]), Dr. Irl Hirsch's group on misleading A1c's (34% of
patients in the study had discordant average glucoses not aligning with expected A1c), and even
heard a mention from Dr. Helen Murphy on the limitations of A1c in pregnancy (while A1c levels
vary predictably over the course of gestation in pregnant women with type 1 diabetes, mean blood
glucose actually remains constant). Of course, all AID talks focused on time-in-range and related
CGM endpoints, and several sub-analyses of CGM trials also highlighted A1c vs. CGM endpoints.
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◦ It's not just researchers who have joined the beyond A1c movement - industry
members are on board as well. For instance, Medtronic's MiniMed 670G product
theater emphasized the importance of time-in-range and the limitations of A1c, with Yale's
Dr. Jennifer Sherr and IDC's Dr. Anders Carlson underscoring the value of time-in-range
for both patients and providers. It's a good sign to see industry promoting CGM-based
outcomes - at the end of the day, a beyond-A1c climate would be more kind to their
devices, systems, and apps (+ many drugs) than an A1c-centric one.

▪ It was highly encouraging to see the CGM consensus definitions widely used
throughout ADA - 70-180 mg/dl for time-in-range, <70 and <54 for hypoglycemia, >180 and
>250 for hyperglycemia, and coefficient of variation (SD divided by the mean). We also noticed
emerging discussion of benchmarks, with many highlighting the MiniMed 670G pivotal trial's >70%
time-in-range as a goal to shoot for. Will benchmarking see more discussion in the next year,
particularly as the validation movement expands? We think so, as it will be key for the field to define
a clinically meaningful increase in time-in-range and reduction in hypoglycemia. Dr. Beck's new
DCCT/time-in-range data could certainly help on that front!

CGM as "Emerging Standard of Care," and Not Just for Type 1s; Four CGMs Make
ADA Debut; Convincing Professional CGM Outcomes as Use Cases Expand

▪ The absence of a major outcomes trial readout didn't stop CGM from driving much of
the technology advances (not to mention hallway buzz) at ADA - we wish we had
counted how many times speakers framed CGM as the "standard of care" throughout
the meeting. It was good timing too, as four - yes, four! - CGMs were making their ADA debuts:
Dexcom G6, Abbott FreeStyle Libre real time, Senseonics Eversense, and Medtronic Guardian
Connect. During the Q&A section of a Hypo-RESOLVE presentation, Sheffield's Professor Simon
Heller boldly forecasted that all type 1s will be on CGM in the next five years. (We think it will take
longer, but doubling in the next five years certainly seems doable in the US and Europe.) Just three
days earlier, Dr. Jim Chamberlain (St. Mark's Diabetes Center) had predicted that CGM will replace
BGM "completely" in the next five years, especially for those on intensive insulin therapy. Dr.
Chamberlain's comments were especially telling, given that they were directed towards primary care
providers - as other thought leaders have continued to emphasize, integration of diabetes technology
into primary care will be essential in truly expanding CGM penetration. Importantly, these
sentiments were not exclusive to just those with type 1 diabetes - we heard stronger evidence on the
value of CGM in pregnancy, in low-resource settings, and for type 2s, including those not on insulin.
UW's Dr. Irl Hirsch also described CGM as the "emerging standard of care" and underscored its
relevance in type 1 diabetes, type 2 diabetes, and atypical diabetes. At a pre-conference event, he
emphasized that his biggest surprise has been the value of CGM as a behavior change tool in type 2.
We can't wait to see this studied in a bigger way!

◦ Of course, it's also critical to remember that only ~0.5% of the world's
diagnosed diabetes population (by our estimate) currently wears CGM, and
cost/reimbursement and integration into clinical practice will have to continue to improve
in order for that number to increase drastically.

▪ We were very impressed by data demonstrating the value of professional CGM,
especially in low-resource settings - we can't recall ever seeing this much focus on
outcomes and cost-effectiveness for clinic-owned CGM at a meeting! In particular, we
were struck by an oral presentation detailing the successful implementation of an interim
intervention technique (IIT) using Abbott's FreeStyle Libre Pro in India. One HCP visit in the middle
of a single 14-day blinded professional CGM session drove remarkable improvements in daily
average glucose (from 191 to 137 mg/dl), time-in-range (+9 hours/day), time <70 mg/dl (-1 hour/
day), and time >180 mg/dl (-8 hours/day) in 105 type 2 adults. These results show the incredible
potential of "low-cost" intermittent CGM to change the lives of people with diabetes. (One FreeStyle
Libre Pro costs ~$40, which is a non-trivial amount to many people around the world, but an
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amazing investment in long-term health if these intermittent-wear outcomes can be sustained.) On
the opposite side of the spectrum, Dr. Rich Bergenstal et al. analyzed sequential FreeStyle Libre Pro
use in the US, examining results from a first FreeStyle Libre Pro, and then a second, when the first
and second were separated by ~five months. Results were encouraging, showing the intervention
drove strong time-in-range improvements in high A1c users. Both studies reiterate what many in the
field are beginning to accept: When used in a smart, intentional manner, CGM can be applied
effectively for a variety of individuals in a variety of settings.

◦ Henry Ford Health System's highly-respected Ms. Davida Kruger described
the profitability of professional CGM in her clinic. Reimbursement has long been a
pain point for providers, so we are delighted to hear from multiple high-profile providers
now that implementing CGM isn't a money-losing proposition. Ms. Kruger's clinic grossed
~$750,000 in annual revenue from >1,400 patients on professional and personal CGM -
that in addition to how much more comfortable she felt treating her patients every day
since she knew what exactly she should be treating. Similarly, at diaTribe/TCOYD's Forum,
we also heard from Dr. Carol Wysham, who will not see a new patient until they wear CGM
at baseline - she wants the data available before the first visit. Wow! Of course, such
integration requires some serious workflow modifications - how can other clinics learn
from these successes to expand CGM access while keeping the bottom line in the black?

▪ We were very pleased to hear from numerous speakers that CGM is not just for adults
with type 1 diabetes: Commentary held and outcomes showed that people with type 2
diabetes, adolescents/young-adults with diabetes, and pregnant type 1s can all benefit
(and often in a cost-effective manner). Our very own Ms. Kelly Close echoed this sentiment
Abbott-sponsored corporate symposium by asking what it would take to make CGM "the aspirin of
diabetes." Aspirin is widely-used in a very broad population, and it's used in many different ways
(for pain, CV protection, fever, swelling, etc.). Like with Aspirin, she argued, everyone with diabetes
(and even prediabetes) could benefit from continuous glucose data at some point and in some form,
it's just about figuring out the right technology (e.g., type of sensor, level of automation), behavioral
support (e.g., human coaching), and frequency/duration of use for each individual to maximize
health and economic benefit.

◦ The inimitable Drs. Anne Peters and Irl Hirsch shared fascinating CGM case
studies during a pre-conference CGM workshop, emphasizing the benefits of
CGM in type 2 diabetes. We were interested to hear from Dr. Peters that CGM benefits
are "harder to show in trials," especially in type 2s with less risks of lows. She also
mentioned that there is little data on use of CGM in type 2s overall - how can we
incentivize such studies so as to drive more robust clinical guidelines and
recommendations?

◦ Although adolescents and young adults are a traditionally tough-to-reach
population, we saw encouraging RCT sub-analyses making a strong case for
the efficacy of FreeStyle Libre in adolescents (13-17 year-olds; SELFY) and
young adults (18-24 year-olds; IMPACT). Both populations achieved improvements
in time-in-range, while teens also improved time >180 mg/dl and young adults also
reduced time <70 mg/dl. FreeStyle Libre is still not yet approved for people under
18-years-old in the US, though management noted during the 1Q18 call's Q&A that a
pediatric claim was expected to be filed with FDA before the end of the year.

◦ If the compelling CONCEPTT RCT (CGM in type 1 pregnancy) data shared at
EASD last summer weren't convincing enough, Norwich Medical School's Dr.
Helen Murphy showed unpublished data denoting ~4.5 hours/day during
which the CGM group had significantly lower glucose than the SMBG group.
Even if the A1c advantage in the CGM group at 34 weeks (-0.2%) didn't blow attendees
away, 4.5 hours/day means a lot less fetal exposure to hyperglycemia! Moreover, she

www.closeconcerns.com 54

https://www.closeconcerns.com/knowledgebase/r/314c930c#Real-World_Data_From_470000_FreeStyle_Libre_Users_Sequential_FreeStyle_Libre_Pro_Data_Real_World_Association_Between_Scanning_Frequency_and_Glycemic_Variability_
https://www.closeconcerns.com/knowledgebase/r/457aa210#Davida_Kruger_on_Professional_CGMs_Profitable_EconomicsWorkflow_750K_annually_IDC-s_9_Steps_for_Reviewing_AGP_with_Patient
https://www.closeconcerns.com/knowledgebase/r/457aa210#Drs._Irl_Hirsch_and_Anne_Peters_on_Fascinating_CGM_Cases:_Very_Helpful_in_T2D_for_Lifestyle_Change_But_Hard_to_Show_in_Trials_Qs_on_Libres_Accuracy_670G_Hacks
https://www.closeconcerns.com/knowledgebase/r/314c930c#SELFY_Sub-Analysis_in_13-17_Year-Olds_Finds_1_HourDay_Increase_in_Time-in-Range_w_Libre_IMPACT_Sub-Analysis_in_18-24_Year-Olds_Shows_Decrease_in_Time_70_mgdl_by_30_MinDay_w_Libre
https://www.closeconcerns.com/knowledgebase/r/2cd94226#FDA_Filing_of_Pediatric_FreeStyle_Libre_Claim_Expected_in_2018_New_US_Pediatric_FreeStyle_Libre_Safety_and_Efficacy_Trial_n85_to_be_Completed_in_August
https://www.closeconcerns.com/knowledgebase/r/15bb60af#CONCEPTT_Trial_CGM_in_Pregnancy_Drives_Improved_Neonatal_Outcomes_LGA_NICU_Admissions_Hypo_-0.2_A1c_Advantage_100_minutesDay_in_Range


posited that use of CGM in pregnancy is likely to be cost-effective due to reduced neonatal
hospital stay and fewer NICU admissions. If there's anything we learned from the debate
between Dr. Denice Feig and Dr. Elisabeth Mathiesen on CGM use in type 1 women during
pregnancy, it's that cost effectiveness may very well be the deciding factor for many
providers and clinics. Dr. Feig noted that her team is currently investigating the cost
effectiveness of CGM in pregnancy, but she believes that as more advanced, factory-
calibrated CGMs come to market, CGM costs will only decline.

▪ Real-world data flooded ADA, continuing to demonstrate substantial improvements in
glycemia with CGM use. Abbott's FreeStyle Libre real-world data set has now reached an
incredible 470,643 readers, amounting to 4.8 billion glucose readings, and the strong correlation
between increased scanning frequency and decreased hypoglycemia continues to hold - a new
analysis from ~238,000 of those readers showed that increased scanning also correlates with
decreased glycemic variability. We also saw the first real-world data for Libre users in the US
(n=7,979), suggesting that the consistently observed correlations in the EU between higher scanning
frequency, lower mean glucose, and lower hypoglycemia, have safely arrived on American soil.
Unpublished T1D Exchange data also demonstrated the A1c benefits of CGM in type 1 diabetes - we
were especially impressed by the improvements achieved in children <13 years-old (0.9% lower A1c
in CGM users than in non-CGM users). Importantly, this trend holds regardless of insulin delivery
method. While all these improvements are undoubtedly heartening, we're hoping penetration rises -
T1D Exchange data shared last fall suggests CGM penetration in the US is at just 24%. We're hopeful
for expansion given that there are now four user-friendly, accurate CGMs are on the market, but
there's clearly much more work that needs to be done.

T2D Insulin Delivery Device RCTs (J&J One Touch Via, Insulet/Lilly U500
Omnipod) Positive Overall - A Good Omen for Market Adoption and Sustainable
Businesses in T2D?

▪ ADA saw report-outs of two of the most highly-anticipated RCTs of novel insulin
delivery devices for type 2 diabetes: J&J's One Touch Via bolus-only insulin delivery device
(formerly the Calibra Finesse) and Insulet/Lilly's U500 Omnipod. We were shocked that One Touch
Via didn't drive greater A1c reductions than pens for type 2s starting on basal-bolus insulin therapy
(-1.6% vs. -1.7%), but we believe the similar glycemic outcomes were in part due to the study's design
(more below), and there were highly encouraging preferences for One Touch Via expressed by both
patients and providers. Plus, in real-world use, A1c reductions on that level with a device are quite
rare to see! The U500 Omnipod did drive a greater A1c reduction than U500 MDI group (-1.27% vs.
-0.85%), and with a much lower total daily dose (constant, whereas the MDI group went up by a
concerning 50 units/day). This came at the expense of a slight increase in nocturnal hypoglycemia,
though the absolute differences in events per year (~2-5) were tiny, and therefore not likely to be
clinically significant. At the end of the day, the type 2 insulin delivery device/pump market is
severely underpenetrated and high potential, though novel devices like Valeritas's V-Go, Cequr's
PAQ, and One Touch Via have been slow to scale or even launch (V-Go is the only one on the
market). We'd like to see many more type 2s with tubeless devices that make insulin more
convenient and easier to use. Fully-featured pumps developed specifically for the type 2 population
like Insulet/Lilly's U500 and U200 Omnipods as well as BD's "Swatch" patch pump should also help
make a dent in outcomes and costs while retaining benefits like connectivity. The U500 Omnipod is
expected to launch next year; we'll wait for Insulet's 2Q18 call for more specifics on FDA submission.
One Touch Via's future is still unclear in J&J's hands - it is not part of the Platinum acquisition of
LifeScan, and we believe this asset could fit in with many companies (e.g., BD, Insulet, Medtronic,
Abbott, or even an insulin company who could prefill it). Given Via's study outcomes and patient/
HCP preferences, we think the real-world performance might be stronger than the RCT; we hope the
device finds a future somewhere!
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◦ Though One Touch Via didn't drive greater A1c reductions than the Novo
Nordisk FlexPen, we are still very positive on the results for two reasons: (i) All
enrollees used a pattern-based logbook, which combined SMBG values with a simple
insulin adjustment algorithm, which may have confounded the study - the FlexPen group
did far better than would be expected in real-world use; and (ii) Subjective reports from
the full study population were almost invariably in favor of the OneTouch Via over the
FlexPen, from both patients and providers - notably, 91% of providers preferred the One
Touch Via over pens to advance type 2 patients from basal to basal-bolus insulin. That both
patients and providers expressed such strong preference for Via is a likely sign that the
device is less cumbersome, easier to use, more discrete, and easier to train than injections;
even if it didn't confer better glycemic outcomes, we suspect it would drive greater
adherence (and by proxy, outcomes) in a real-world setting.

▪ The Cambridge closed loop group led by Dr. Roman Hovorka also presented
compelling data from inpatient fully automated closed loop in type 2s. See the automated
insulin delivery theme above for details.

New Era of Diabetes Apps? Decision Support, Decoding Data, Driving Glucose
Prediction, Radically Convenient Coaching and Education

▪ Diabetes apps had a stronger presence at this ADA (in both orals and the exhibit hall),
reflecting a shift to mobile software that will drive automatic data upload/analysis,
remote monitoring, glucose prediction, decision support, and in-the-moment
education. Our own Adam Brown summarized the state of the field in his presentation, Can
Diabetes Apps Make Our Lives Easier? His slides, posted at diaTribe.org/Apps2018, have already
been viewed nearly 500 times, reflecting plenty of interest in this still-young area - go download
them if you are even vaguely interested in this area as he changed lots of minds on the arena. Adam
highlighted two key bars for apps to cross - radically convenient tools and decision support aids -
sharing more than 40 examples of diabetes apps that meet one or both bars. One of those,
Medtronic/IBM Watson's Sugar.IQ, had its formal launch at ADA, receiving the lion's share of the
Guardian Connect mobile CGM product theater. An oral on Sugar.IQ showed encouraging early
launch data - +36 minutes/day in-range = 220 hours a year! - and we'll be fascinated to see how
much it can drive adoption of Medtronic's standalone CGM. Medtronic plans to quickly follow
(within the next year) with four-hour forward-looking hypoglycemia prediction, a widely anticipated
feature. At Diabetes Mine's D-Data Exchange, One Drop also announced plans to launch up to
12-hour forward-looking glucose prediction for type 2 non-insulin users (3Q18), a step into decision
support for a population with very little data. Diabetes devices with companion apps are also
becoming far more commonplace: Dexcom's G6, Senseonics' Eversense, and Insulet's Omnipod
Dash all launched at ADA, showcasing mobile apps that replace physical objects (CGM receivers)
and/or capture data that previously required clunky desktop software and custom cables. While
some providers remain overwhelmed at the thought of remote monitoring diabetes data, many
seemed relieved at having any data to make decisions during appointments. On the diabetes
education front, we were glad to see BD formally launch Briight, its AI chat and diabetes education
app - see our complete review here. Plenty of coaching and remote care efforts - leveraging apps and
connected devices - also shared new data at ADA, including Livongo, Onduo (Sanofi/Verily),
Omada, One Drop, and Virta. None were huge outcomes studies of apps, but we were glad to see
encouraging efficacy, engagement, and/or cost savings potential. Work is also refreshingly
expanding on the food education front: (i) Ascensia's diabetes challenge winner, Whisk, is an AI-
driven food platform that will recommend foods and recipes based on blood glucose levels; and (ii)
Medtronic launched an expanded partnership with Nutrino to link meal photos with professional
iPro2 CGM responses in a one-page report.
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Smart Pens/Pen Caps Inch Forward, Opening Up New Avenues of Research, and
Informing Decision Support

▪ At ADA 2017, there was an impactful poster from Common Sensing, but no
commercial movement from the smart pen landscape to speak of. This year,
Companion Medical had its first ADA booth following US launch, Novo Nordisk
showed off its NFC-enabled, reusable Novo Pen 6 in the exhibit hall, and we heard
about lots of in-progress research. The field is still moving slower than we had hoped -
arguably where CGM was about 3-4 years ago - but as the hardware and research gains momentum,
we hope things show acceleration at future ADAs. Leaders in the field clearly recognize that pumps
are not going to be a solution for everyone on insulin, and providers still have a significant gap in
injection data that could be filled with smart pens. Though we only saw two possible dose capture
form factors at ADA - durable pen and durable pen cap - we appreciate that numerous players are
generating a wide variety of MDI dose capture options that will meet the needs of a variety of patient
lifestyles. See our smart pen/cap competitive landscape.

◦ Companion's InPen (iOS only) has now been available in limited capacity in
the US for ~six months, and the company celebrated the milestone with its first ADA
booth. The booth showed off the new "Insights by InPen" reports, which we believe to be
the first page in the US to show providers data from a smart pen in conjunction with an
AGP-like glucose profile. We also learned that Companion has closed a Series C, and
though it won't comment on the size or investors yet, an SEC Form D filed on May 3rd

suggests that the total offering amount was ~$18.5 million.

◦ At Novo Nordisk's booth, tucked in a corner on the international side, we
found the smart Novo Pen 6, which is currently piloting ~10 Swedish clinics (~1,000
patients) but now expected to expand "soon." In its current form, the pen enables
providers to upload insulin usage data to their Glooko/Diasend NFC pad within seconds,
though we'd guess that Bluetooth communication is on the roadmap too. The pen's dial
also has a low-tech display on it, giving the size of the last dose and the time since the last
dose.

◦ Common Sensing's smart Gocap pen cap is now being used by Good Measures'
diabetes management/coaching program, alongside a US beta launch and a pilot with
One Drop and Innovation Health.

▪ There were just two exclusively smart pen/dose capture abstracts at ADA - both from
the UVA, Stanford, Mt. Sinai group using NFC-enabled Novo Nordisk pens - but both
give insight into the injection behavior of a well-managed group of type 1s. In one
poster, over one in four meals had either a late or missed meal bolus, with 13% of total meals
accompanied by a late bolus, and 14% of meals with no bolus whatsoever. Baseline A1c was
provided, but there was a significant positive correlation between the number of missed meal
boluses and A1c (there was no such correlation between late boluses and A1c). In the second poster,
we were actually surprised to learn that the overall percent of pen injections that were primed was
80%. Percentage of missed prime doses did not correlate with A1c, but seemed to be more common
with male gender and younger age. While these studies don't necessarily give insight into the
behavior of an entire population, they do show the power of injection dose capture, especially in
tandem with CGM, as an educational tool. A provider will be able to assess patient's dosing habits,
and educate accordingly. As insulin companies assess their pipelines, we hope to see more
investment in dose capture, data, and decision support - the outcomes potential could be just as big
as improved new insulin formulations!

▪ On day #1, we also saw a session dedicated to decision support, including new data
and studies for type 1s on MDI. Through a ~four-week study of UVA's decision support
platform (with Dexcom CGM and Novo Nordisk connected pens), which included clinic-based meals
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and exercise, the system significantly improved a number of glucose parameters relative to standard
of care: Primarily, coefficient of variation fell from 36% at baseline to 33% (34% -> 30% at
mealtime), largely from less hypoglycemia, as time ≤70 mg/dl decreased by ~33 minutes per day
(from 3.2% to 0.88%). In the study, the system recommended changes in therapy based on
retrospective risk zones, adjusted boluses based on ratio of real-time insulin sensitivity to historical
insulin sensitivity, and provided advice on how to handle exercise. OHSU's Dr. Jessica Castle
introduced the Helmsley Charitable Trust-funded, Jaeb-coordinated T1-DEXI pilot study. The pilot
will enroll 60 individuals between ages 15-70 with type 1 diabetes, and collect one month of insulin,
CGM, food, and physical activity data using Dexcom G5, DiabNext's Clipsulin dose capture device
(an unconventional choice), a Garmin activity tracker, and a custom app developed at OHSU for
food photos and exercise logging. It will eventually inform a larger study of 300-500 subjects with a
goal of building better exercise and food models for automated MDI titration. It is still early days for
decision support for MDIs using dose capture, with no commercial products (apart from
Companion's bolus calculator). That said, this academic work, and especially pipeline systems from
the likes of Lilly and Bigfoot, give us hope that many pen users will be able to benefit from closed
loop-esque algorithms in the not-so-distant future.

Strong Remote Care Results for Prevention and Treatment of Type 2 Diabetes -
Big Focus on Cost-Effectiveness

▪ ADA showcased a host of impressive data on remote care interventions, headlined by
very strong results from Virta in prediabetes and Hygieia in a high-A1c type 2 insulin
users. For the first time, we saw one-year data from Virta's very-low-carb diet plus remote coaching
in the prediabetes population: Of the 95 completers (82% retention), a staggering 61% moved from
prediabetes to normoglycemia (A1c <5.7%) and not a single person progressed to type 2 diabetes.
Moreover, body weight dropped an average of 29 lbs (11.5%) from baseline 111 kg (~245 lbs). These
findings go along nicely with evidence from Virta's controlled study in type 2 diabetes, which has
demonstrated ~60% diabetes reversal (defined as an A1c <6.5% and elimination of all medications
except metformin) at one year. Equally impressive was a Hygieia poster from its pilot with Blue
Cross Blue Shield of Michigan (n=160 completers), demonstrating a remarkable 2.3% A1c drop at
nine months from its insulin guidance service (specialty clinics + insulin titration + remote care +
BGM). For individuals taking one or more expensive medication (GLP-1 agonists, DPP-4 inhibitors,
SGLT- 2 inhibitors) at baseline, average prescription savings were $6,172 per patient-year. Across
the entire population, prescription savings were $1,736 per patient-year - this notably doesn't
include savings from medical utilization.

▪ We also noted outcomes/cost-effectiveness posters from Omada, Livongo, and a
19-year telemedicine study from India! A Humana/Omada poster analyzed Medicare
Advantage per member per month (PMPM) costs, finding that Omada's 12-month digital diabetes
program surprisingly didn't impact total costs with statistical significance, though still drove
cumulative savings of $1,298 per member (~$54 saved per member per month). The authors note
that pharmacy cost reductions typically precede medical cost reduction in this population, and
propose that a longer-term follow-up may show more marked cost reductions. A separate poster
showed that Omada's intervention in a population of 107 employees greatly reduced prediabetes/
diabetes prevalence. Meanwhile, a Livongo poster directly examining medical spending for Livongo
users vs. matched non-Livongo users over 12 months. Intriguingly, the study found that a 10%
increase in monthly Livongo usage rate was linked to a 2.1% decrease in medical spending, driven by
a 2.9% reduction in spending on office-based services. Finally, the 19-year telemedicine intervention
(n=414 type 2s) from Jothydev's Diabetes and Research Centers - ~14.5 virtual consultations for
education and medication titration plus ~two physical consultations per year - led to a 0.7% drop in
A1c (baseline: 8.3%) and the prevention of vascular complications in a remarkable 94% of
participants. There was no control or typical population data shared, but the results strike us as very
positive, and more scalable than high-touch clinic-based care.

www.closeconcerns.com 58

https://www.closeconcerns.com/knowledgebase/r/8de96797
https://www.closeconcerns.com/knowledgebase/r/f92aa17d#Virta_Prediabetes_n116:_Of_95_completers_61_n58_Back_to_Normoglycemia_A1c_5.7_Zero_Progressed_to_T2D_A1c_6.5_at_1_Year_Mean_11.5_Body_Weight_Lost
https://www.closeconcerns.com/knowledgebase/r/543a9fd8


▪ We expect to see digital diabetes care companies continue to take on more
responsibility for patient outcomes, and payers/employers to gladly bring them on
board to do so. In such an economy, companies will continue to compete on cost-effectiveness as
much as they do on health and wellbeing outcomes. There was no data on the Diabeter approach-
where a clinic takes on all aspects of and financial responsibility for a patient's care - at ADA, though
Medtronic has said it will look to expand the model into US type 2 clinics. How will this approach
compare to that in which (i) payers contract with providers for narrow outcomes; and/or (ii) payers
contract with exclusively-digital providers, but in-person care is delivered separately (e.g., Virta for
diabetes reversal, Omada for weight loss, mySugr, Onduo, One Drop, etc.)?Will digital and in-person
providers eventually have to merge, or at least collaborate, to optimally align incentives of care
delivery?

GLP-1 Agonists

Oral Presentations: Updates from Type 2 Diabetes Trials

Superior Efficacy of Insulin Degludec/Liraglutide (IDegLira) vs. Insulin Glargine
(IGlar U100) as Add-On to SGLT-2 Inhibitor ± Oral Antidiabetic Drug (OAD)
Therapy in Patients with Type 2 Diabetes - DUAL IX Trial

Athena Philis-Tsimikas, MD (Scripps Diabetes Institute, San Diego, CA)

Novo Nordisk's fixed-ratio basal insulin/GLP-1 agonist Xultophy (insulin degludec/liraglutide) offered
superior glucose-lowering vs. insulin glargine (Sanofi's Lantus) in insulin-naïve patients already on an
SGLT-2 inhibitor, providing an additional 1.9% drop in A1c vs. 1.7% with Lantus (p<0.0001). This data from
DUAL IX (24 weeks, n=420) was the subject of an oral presentation by Dr. Athena Philis-Tsimikas, and Novo
Nordisk also published an announcement of these results on Saturday morning. Our obvious takeaway is that
a 1.9% drop is better than a 1.7% drop but a 1.7% drop is just far better than nothing - we are surprised that
the dual GLP-1/basal combo didn't do better than Lantus alone though of course this is not "real life" but a
randomized controlled trial. Mean A1c fell from a baseline 8.2% to 6.3% with Xultophy (-1.9%) and from 8.4%
to 6.7% with Lantus (-1.7%). Both results are obviously very strong and we aren't sure that the strongest case
could be made not just to add Lantus given the difference in cost. While 85% of the Xultophy group achieved
an A1c <7%, fully 71% of the Lantus group (OR=1.98, 95% CI: 1.17-3.34) did as well - again, both are very
strong. Very notably, however, hypoglycemia and weight was where the rubber met the road - Xultophy was
associated with a 58% lower rate of severe or confirmed symptomatic hypoglycemia vs. Lantus (0.37 events/
patient-year vs. 0.90, 38 vs. 95 total events, p=0.0035), and the average total daily insulin dose was lower
with Xultophy (36 units/day) compared to Lantus (54 units/day, p<0.0001 for comparison) - these
differences seem bigger from our view, particularly the insulin dose in terms of cost alone! While mean body
weight increased by ~4.4 lbs in the Lantus group (baseline ~191 lbs), it remained unchanged with Xultophy
around baseline ~196 lbs (p<0.0001), reinforcing that the GLP-1 component of the combo balances out the
undesirable effects of insulin. We point out that some studies in the DUAL program have shown Xultophy to
reduce body weight (e.g. DUAL VII), but without a doubt, a weight neutral therapy is far preferable to a drug
that causes weight gain. Dr. Philis-Tsimikas also presented a composite outcome, which she says gives a
clearer picture of the overall benefit to patients: The proportion of participants achieving A1c <7% without
hypoglycemia or weight gain was 42% in the Xultophy group and 17% in the Lantus group (OR=3.36, 95% CI:
2.09-5.41). A 9-point SMBG analysis showed that Xultophy lowers postprandial glucose more so than fasting
plasma glucose in relation to Lantus. We find the overall package of DUAL IX data impressive. Insulin,
despite its unwanted side-effects of weight gain and hypoglycemia, is a powerful glucose-lowering agent, and
it's noteworthy to see Xultophy match and surpass that glycemic efficacy with much milder side-effects. The
background of SGLT-2 inhibitors also implies that these patients are already taking one potent anti-
hyperglycemic drug, and makes the benefits of Xultophy all the more remarkable. At baseline, ~40% of
patients were on AZ's Farxiga, ~35% on Lilly/BI's Jardiance, and ~30% on J&J's Invokana.
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▪ With these results, we gain valuable evidence that Xultophy can be safely added to an
SGLT-2 inhibitor. Indeed, we've long been keen on GLP-1/SGLT-2 combination therapy, and the
triple combination resulting from SGLT-2 + Xultophy could be a compelling choice for many
patients seeking compounded glucose-lowering and even cardioprotection. Moreover, this study
adds to the growing body of evidence supporting the efficacy and safety of SGLT-2/GLP-1
combinations, joining DURATION-8 and AWARD-10.

▪ In our opinion, Xultophy and Sanofi's Soliqua (insulin glargine/lixisenatide) remain
tragically underutilized. Many providers continue to view Xultophy and Soliqua as therapies
reserved for those with more progressive diabetes, not considering them until patients are failing on
oral therapies. So many patients are not meeting glucose targets and could seriously benefit from the
impressive glucose-lowering efficacy and mild side-effect profile that Xultophy and Soliqua offer,
and we think it's an absolute shame that so few patients are on these - indeed, Dr. John Buse once
called Xultophy "the most effective anti-hyperglycemic agent on the planet." That said, we also
understand that these products come with significant limitations in that patients and providers can't
choose which insulin and GLP-1 to combine or which ratio to dose them in, and the indications are
fairly narrow and require patients to fail on a component therapy first. Moreover, Professor Philip
Home has asserted that many diabetologists consider GLP-1 agonists a pre-insulin therapy, making
their combination with insulin seem illogical. All this said, it does seem as if the tide could be
turning: Xultophy sales rose 26% sequentially in 1Q18, and Novo Nordisk is asking FDA to add
DEVOTE and LEADER data to the US label, which would be a big win. We'll continue to keep a close
eye on this groundbreaking class.

▪ DUAL IX underscores Xultophy's value as a safer, more effective alternative to
standard of care insulin therapy. DUAL V (n=557), presented at ADA 2015, compared
Xultophy vs. Lantus in patients already on Lantus and metformin; in that trial, patients were either
switched to Xultophy or intensified on Lantus. At 26 weeks, Xultophy gave a 1.8% drop in A1c vs. a
1.1% drop with intensified Lantus (p<0.001), also offering ~7 lbs of weight benefit vs. Lantus, a 57%
drop in hypoglycemia, and an 83% reduction in nocturnal hypoglycemia. Also very notably, DUAL
VII found that Xultophy was non-inferior to basal-bolus therapy with Lantus + NovoLog. Each
regimen gave a mean 1.5% drop in A1c from a baseline of 8.2%, and Xultophy was associated with a
significant 89% reduction in hypoglycemia vs. basal-bolus. With the convenience of a once-daily
injection and a less severe side-effect profile vs. insulin, Xultophy is a very compelling therapeutic
option, though we acknowledge that reimbursement for the fixed-ratio combination isn't ideal.

Efficacy and Safety of an Expanded Dulaglutide Dose Range - A Phase 2, Placebo-
Controlled Trial in T2D Patients on Metformin

Juan Frias, MD (National Research Institute, Los Angeles, CA)

Lilly recently initiated a phase 3 study (AWARD-11) of high-dose dulaglutide, and Dr. Juan Frias showed us
why: He shared very positive phase 2 results on 3.0 mg and 4.5 mg doses of the GLP-1 agonist, which is
currently formulated in 0.75 mg or 1.5 mg doses (branded Trulicity). Patients with type 2 diabetes and
overweight/obesity (n=318) were randomized to placebo, 1.5 mg dulaglutide, 3.0 mg dulaglutide, or 4.5 mg
dulaglutide once-weekly for 18 weeks. Dr. Frias emphasized the on-treatment analysis, which excluded data
from individuals who required rescue therapy (n=263, i.e. 55 patients dropped out from the study or needed
rescue medication). Within this cohort, A1c dropped by a mean 1.5% in both high-dose dulaglutide groups vs.
0.4% with placebo, giving an estimated treatment difference of ~1.0% (p<0.001). Baseline A1c was 8.1%
across the board, and fell 1.2% in the 1.5 mg Trulicity arm - this is still meaningful glycemic efficacy, though it
was smaller in magnitude than that of the higher doses. At week 18, 58% of participants in the 4.5 mg group
achieved the ADA target of A1c <7% vs. 70% of the 3.0 mg group, 67% of the 1.5 mg group, and only 17% of the
placebo group (all p<0.001 vs. placebo). We might expect the highest dose group to feature the greatest
proportion of patients meeting A1c goal, but Dr. Frias explained that more people from this arm discontinued
treatment, leading to the smaller percentage. There were 18 people who prematurely stopped treatment of 4.5
mg dulaglutide (24%), 10 who prematurely stopped 3.0 mg dulaglutide (13%), nine who stopped 1.5 mg
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dulaglutide (11%), and 11 who stopped placebo (13%). Dr. Frias added that the higher discontinuation rate
isn't a major cause for concern given the small sample size of a phase 2 trial. Nonetheless, this piqued our
interest, and we'll be keeping an eye out for any such trend in AWARD-11 data. Dr. Frias showed that adverse
events were generally well-balanced across the four study arms, with some exceptions that he also attributed
to small sample size. For example, 84% of participants on 3.0 mg dulaglutide experienced a treatment-
emergent adverse event vs. 67% of the 1.5 mg cohort and 70% of the 4.5 mg cohort. GI symptoms occurred at
similar frequency across dulaglutide groups (as expected, all higher rates vs. placebo). Nausea was slightly
more common in the 4.5 mg arm (30%) vs. the 3.0 mg arm (24%) or 1.5 mg arm (22%), while diarrhea was
most common in the 3.0 mg arm (23%) vs. 20% with 4.5 mg and 11% with 1.5 mg. Again, we'll have to wait for
phase 3 results for a clearer picture on safety, but nothing from phase 2 leads us to believe that higher doses of
Lilly's GLP-1 wouldn't be worth the tradeoff of slightly more GI side-effects (which are typically mild, and
subside over time) for greater glucose-lowering and weight loss efficacy. On this last point, Dr. Frias noted
~10 lbs weight loss with 4.5 mg dulaglutide, ~9 lbs with 3.0 mg, ~6 lbs with 1.5 mg, and ~4 lbs with placebo
(baseline body weight ~202 lbs, all p<0.001 vs. placebo). In our view, the weight loss with GLP-1 agonists is
just as if not more exciting as the glycemic efficacy, and we'd love to see this class of agents investigated and
applied more in obesity.

▪ According to Dr. Frias, Lilly investigated dulaglutide doses of up to 12 mg/week before
deciding that 1.5 mg/week would be optimal for Trulicity. The dose-finding study
AWARD-5 was the determining factor. Researchers now believe that higher doses could provide
additional benefit - on both glucose control and body weight - with an acceptable safety/tolerability
profile. When Lilly management first added these investigational dulaglutide doses to the R&D
pipeline, we suspected that they might be branded as a new product, much like Novo Nordisk
markets high-dose liraglutide as Saxenda (for obesity) instead of Victoza (for type 2 diabetes). Based
on Dr. Frias' talk, we wonder if the higher doses could become new doses of Trulicity (especially
because the company is still focused on type 2 diabetes rather than a distinct indication), and how
the regulatory pathways would differ.

▪ Lilly issued a press release covering this new data on Saturday morning. The phase 3
AWARD-11 study is expected to complete in October 2019, per ClinicalTrials.gov.

▪ Dr. Jeff Emmick, VP of Product Development for Lilly Diabetes, expressed excitement
about these phase 2 results. As he put it, "type 2 diabetes is progressive, and we are looking to
offer choice to people who need additional blood sugar control beyond the two effective Trulicity
doses already approved." These comments make it seem more likely that Lilly plans to
commercialize 3.0 mg and 4.5 mg dulaglutide as new doses of Trulicity, rather than as a distinct
diabetes product (though this is still our speculation). Dr. Emmick continued, "the investigational
Trulicity doses could offer adults with type 2 diabetes the option to advance treatment without
having to change medication." We imagine this continuity of care would be a meaningful win for
patients.

Efficacy of Semaglutide vs. Dulaglutide across Baseline HbA1c in SUSTAIN 7

Richard Pratley, MD (Florida Hospital, Orlando, FL)

Dr. Richard Pratley discussed a new analysis of SUSTAIN 7 across baseline A1c subgroups, highlighting the
consistent superiority of Novo Nordisk's Ozempic (semaglutide) over Lilly's Trulicity (dulaglutide). This head-
to-head trial, sponsored by Novo Nordisk, was published earlier this year in the Lancet Diabetes &
Endocrinology. The study (n=1,201) evaluated 0.5 mg semaglutide vs. 0.75 mg dulaglutide (the lower
available doses) and compared 1.0 mg semaglutide vs. 1.5 mg dulaglutide (the higher available doses). Overall,
there was a ~0.4% A1c treatment difference between the two weekly GLP-1s, and semaglutide offered ~double
the weight loss in both comparisons. Dr. Pratley showed how semaglutide's weight loss benefit was
maintained regardless of a patient's starting A1c, whether ≤7.5%, >7.5%-8.0%, >8.0%-8.5%, >8.5%-9.0%, or
>9.0%. The p-value for interaction was >0.05, suggesting that Ozempic's weight benefit was not driven by any
particular baseline A1c subgroup. The p-value for interaction with A1c reduction was statistically significant
(p=0.0179 for the low dose comparison, p=0.0257 for the high dose comparison), with Ozempic
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demonstrating a greater glycemic benefit at higher baseline A1c. In the subgroup with starting A1c >9.0%, A1c
dropped 2.3% with 0.5 mg semaglutide vs. 1.5% with 0.75 mg dulaglutide (estimated treatment difference
0.8%), and 2.8% with 1.0 mg semaglutide vs. 2.1% with 1.5 mg dulaglutide (estimated treatment difference
0.7%). Meanwhile, among participants with starting A1c ≤7.5%, mean A1c decline was 1.0% with 0.5 mg
Ozempic vs. 0.8% with 0.75 mg Trulicity (estimated treatment difference 0.2%), and 1.2% with 1.0 mg
Ozempic vs. 0.9% with 1.5 mg Trulicity (estimated treatment difference 0.3%). Note the smaller estimated
treatment differences in this latter example, and also that higher doses of GLP-1 were consistently stronger in
A1c-lowering, as we'd expect. It makes sense to us that those with higher baseline A1c drove this particular
result for semaglutide vs. dulaglutide (more room for A1c to fall, and for a more potent molecule to show its
strength), and indeed, these are the patients who have the most to gain from a best-in-class GLP-1 agonist in
the real world. Dr. Pratley's presentation on the whole confirmed the robustness of evidence in SUSTAIN 7,
and gave us even more reason to believe that Ozempic is an incredible addition to our diabetes treatment
toolkit (this second-gen GLP-1 from Novo Nordisk was FDA-approved last December, launched in February).
We're particularly interested on the weight loss that comes with GLP-1 therapy as we know this is very
important for patients, and we were struck by the fact that low-dose semaglutide stimulated more weight loss
than high-dose dulaglutide across all baseline A1c cohorts.

▪ Dr. Pratley shared findings on the proportion of patients with baseline A1c >9.0%
achieving target A1c <7.0% at the end of 40 weeks. As shown in the image below, 44% of
those in this cohort given low-dose semaglutide reached A1c below 7.0% vs. 18% of those given low-
dose dulaglutide (OR=3.50, 95% CI: 1.48-8.27); 55% of those taking high-dose semaglutide reached
the recommended ADA target vs. 34% of those taking high-dose dulaglutide (OR=2.66, 95% CI:
1.15-6.19). Dr. Pratley further described how 41% of patients in this cohort taking 1.0 mg Ozempic
achieved the AACE goal of A1c ≤6.5% vs. 20% of those taking 1.5 mg Trulicity (OR=2.85, 95% CI:
1.17-6.95). These confidence intervals are wide because of the small number of participants in each
baseline A1c bracket, but we still found this data quite valuable in showing how Ozempic could help
real-world patients improve outcomes with better hyperglycemia management. To be clear, we also
see tremendous advantages to Trulicity, which is a highly-effective diabetes drug that comes in a
very patient-friendly (and popular) autoinjector. We celebrate this expanded patient choice within
the GLP-1 agonist class, this opportunity for more personalization of diabetes care.
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▪ Turning to safety, Dr. Pratley assured that there was no significant difference in
adverse event rates across subgroups, and he presented a table to support this claim.
We noticed the absence of any information specific to retinopathy, and we're curious whether this
risk was exacerbated among patients with higher A1c to start. Thought leaders have attributed the
retinopathy risk signal from SUSTAIN 6 (HR=1.76; 95% CI: 1.11-2.78; p=0.02) to "early worsening
phenomenon," wherein rapid A1c decline from a high baseline leads to a transient increase in
retinopathy events. After all, semaglutide is an extremely potent glucose-lowering drug, and people
experienced a steeper A1c decline with Ozempic in SUSTAIN 7 if they were in the >9.0% subgroup.
There was no signal for retinopathy in the overall SUSTAIN 7 dataset (four events across two
semaglutide arms vs. five events across two dulaglutide arms). Again, this is merely our curiosity,
not a product of concern - we're very positive on the risk/benefit profile of semaglutide and believe
the retinopathy risk (if it exists at all) is manageable. Novo Nordisk has agreed to conduct a long-
term retinopathy outcomes trial as part of European approval of Ozempic, and we're hopeful that
this study could put any lingering concerns to bed.

Select Questions and Answers

Q: Can you comment on the greater weight reduction seen with semaglutide and the proposed
mechanisms for this?

A: This difference has been consistent across trials of semaglutide; it's not limited to this particular trial. The
general thinking is that it's related to greater efficacy at the GLP-1 receptor, and perhaps differences seen here
have to do with the size of the molecule. Semaglutide is smaller, and perhaps has more access to the nervous
system than the larger dulaglutide.

More Subjects Achieved Composite Reductions ³1% A1c, ³5% Body Weight, and ³5
mmHg SBP with Semaglutide vs. Comparators (SUSTAIN 1-5, 7)

Kathleen Dungan, MD (Ohio State University, Columbus, OH)

Dr. Kathleen Dungan presented results from a post-hoc analysis of the SUSTAIN 1-5 and 7 trials
demonstrating that participants treated with semaglutide were more likely to achieve a composite endpoint of
(i) reduction in A1c ³1%; (ii) weight loss ³5%; (iii) and systolic blood pressure reduction ³5 mmHg. Across the
studies included in the analysis, semaglutide was compared to placebo, a DPP-4 inhibitor (sitagliptin), two
GLP-1 agonists (once-weekly dulaglutide and exenatide), and insulin glargine. SUSTAIN study features and
baseline patient characteristics are summarized in the table below. In every SUSTAIN 1-5 and 7 study and
across all comparators, significantly more patients in the semaglutide treatment arm(s) achieved the
composite endpoint than in the comparator arm (p<0.001 for all comparisons). The percentage of
semaglutide-treated patients who were able to achieve the composite endpoint range from 14% with the low
dose of semaglutide in SUSTAIN 4 to 37% with the high dose of semaglutide as an add-on to basal insulin in
SUSTAIN 5. For comparison, between 1%-12% of participants in active comparator groups were able to
achieve the composite endpoint and only 2% of patients in the placebo arms were able to achieve the
endpoint. These results offer further evidence that, in addition to potent A1c reduction, semaglutide offers
improvements in outcomes beyond A1c, including body weight and CV risk factors. As a reminder, Novo
Nordisk launched semaglutide as Ozempic to US pharmacies in February 2018.

Comparator N Baseline A1c Baseline
Body Weight

Baseline
Systolic
Blood
Pressure

SUSTAIN 1 Placebo 388 8.1% 91.9 kg (203

lbs)

129 mmHg

SUSTAIN 2 Januvia

(sitagliptin)

1,231 8.1% 89.5 kg (197

lbs)

133 mmHg
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SUSTAIN 3 Bydureon

(exenatide

once-weekly)

813 8.3% 95.8 kg (211

lbs)

134 mmHg

SUSTAIN 4 Lantus (insulin

glargine)

1,089 8.2% 93.5 kg (206

lbs)

132 mmHg

SUSTAIN 5 Vs. placebo as

an add-on to

basal insulin

397 8.4% 91.7 kg (202

lbs)

135 mmHg

SUSTAIN 7 Trulicity

(dulaglutide)

1,201 8.2% 95.2 kg (210

lbs)

133 mmHg

Durable HbA1c Reduction with Initial Combination Therapy with Metformin/
Pioglitazone/Exenatide in Subjects with New-Onset Diabetes - Six-Year Follow-Up
of the EDICT Study

Muhammad Abdul-Ghani, MD (University of Texas Health Science Center, San Antonio, TX)

EDICT investigators found continued efficacy of triple combination therapy (metformin + TZD pioglitazone +
GLP-1 exenatide) out to six years, as we learned in Dr. Muhammad Abdul-Ghani's oral presentation. Mean
A1c remained astondingly low around 5.8% in the triple therapy group, but increased slightly in the
conventional therapy arm to ~6.7% (p<0.0001). At three years, participants had reached A1c ~5.8% with
triple therapy and ~6.5% with conventional treatment (p<0.0001), after starting with baseline A1c of
8.7%-8.8%. Recall that EDICT enrolled newly-diagnosed patients, so mean diabetes duration at baseline was
only ~five months; baseline BMI was~36 kg/m and participants were 46 years-old, on average. Dr. Abdul-2

Ghani reported a ~10-fold difference in hypoglycemia between the two treatment groups over six years,
favoring the combination regimen (p<0.0001). He noted that at least 80% of participants in the triple therapy
arm maintained A1c below the 6.5% target at the six-year mark vs. fewer than 50% of people receiving
standard of care. This is a stark difference, pointing to early triple therapy as the more favorable approach to
diabetes management, although we should mention that sample size had dwindled somewhat by year six. Dr.
Abdul-Ghani estimated that between 30%-40% of the original participant pool (n=271) made it into the six-
year analysis, and this detracts from the robustness of results. That's not to say that we aren't convinced of the
advantages to early combination therapy, and in fact, we'd love to see more of this treatment approach in real
clinical settings (related, we hope that payers make early combination regimens an affordable/accessible
option). We do wonder whether metformin + pioglitazone + exenatide is the right combination, although
answering that question will surely require much more research. At ENDO 2018, Yale's Dr. Silvio Inzucchi
referred to the EDICT trial as "so 1980s" because we now have more advanced diabetes drugs at our disposal,
such as SGLT-2 inhibitors. Given limited real-world access to SGLT-2s, we still consider this analysis of
metformin/TZD/GLP-1 very valuable (though as we understand it, the GLP-1 class is also plagued by poor
reimbursement). Similarly, the criticism arose during Q&A that EDICT's conventional treatment arm used
ADA standards that are no longer relevant today (metformin, SUs, and insulin, whereas the ADA has
recommended newer, safer therapies in its 2018 Standards of Care). We'd argue back that so many patients
today are still only accessing metformin, sulfonylureas (with their associated weight gain and hypoglycemia
risk and beta cell burnout), and insulin (and not necessarily insulin analogs). As we see it, EDICT contributes
to the case for combination therapy in type 2 diabetes, and the insights won't stop here. Dr. Abdul-Ghani
shared that the EDICT group will next washout medications and observe response, and will conduct a baseline
analysis to probe for factors that predict a particular response to a particular treatment.
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Comparing Treatment Strategies for Patients with Very Elevated HbA1c - A
Randomized Trial

Marconi Abreu, MD (UT Southwestern Medical Center, Dallas, TX)

Dr. Marconi Abreu presented a first-of-its-kind study that only included type 2 diabetes patients with very
elevated A1c (>10%). Results showed that treatment with basal insulin + a GLP-1 agonist was superior to
basal-bolus insulin in terms of A1c reduction, weight loss, hypoglycemia frequency, and quality of life. This is
unsurprising to us and we're surprised there is not more use of GLP-1 like this in the real world. The SIMPLE
study (n=120) enrolled type 2s on background metformin with a mean baseline A1c of 12.1%. Participants
were randomized to basal insulin + GLP-1 (Novo Nordisk's Levemir + Victoza) or to a basal-bolus regimen
(Levemir + NovoLog) for six months, at which point 62% of the former group had reached A1c <8% compared
to only 41% of the latter group (p<0.05). The estimated treatment difference for A1c was 1% in favor of the
GLP-1-containing approach (p=0.03). Dr. Abreu highlighted significantly greater weight loss with basal +
GLP-1 as opposed to basal-bolus (estimated treatment difference ~8 lbs, p=0.001) and noted a lower
proportion of patients on GLP-1 experiencing any hypoglycemia (35% vs. 66%, p<0.05). He also shared
findings from the study's quality of life assessments, and unsurprisingly, basal insulin + GLP-1 was superior to
basal-bolus therapy on general health perception, treatment satisfaction, and fear of hypoglycemia - multiple
important patient reported outcomes (PROs). We hear often that weight gain and hypoglycemia are hugely
detrimental to patient quality of life, and it follows that a GLP-1 agonist like Victoza (liraglutide) would be
associated with improved quality of life, given that it stimulates meaningful weight loss and doesn't introduce
excess hypo risk. Turning to adverse events, Dr. Abreu pointed to increased rates nausea and vomiting that
occurred with GLP-1 treatment vs. without, but this was also expected; we note that most GLP-1 agonists are
associated with mild to moderate GI discomfort that subsides over time. It's encouraging to see clinical
research like this being done with patient populations that have been understudied in the past, and we
certainly see key potential for GLP-1 agonists to help those with very elevated A1c. Notably, AACE
recommends starting patients on basal insulin right away if they have A1c above 9% with symptoms, and
suggests prescribing a GLP-1 agonist or an SGLT-2 inhibitor alongside - it is of course shocking that the trial
coordinators could even find 120 people with A1cs over 10 only on metformin. According to ADA's 2018
Standards of Care, patients with an entry A1c >10% should immediately be put on a combination injectable - a
fixed-ratio basal insulin/GLP-1 agonist (like Novo Nordisk's Xultophy or Sanofi's Soliqua). We'll be keeping
an eye on treatment guidelines to see if the recommendations for people with very high A1c evolve with
additional clinical trial data, though it seems to us like the recommendations are already pretty solid and the
challenge is getting access to GLP-1s or fixed-ratio combinations for these patients most in-need.

Oral Presentations: Hypoglycemia - Reducing the Risk

Effect of Combination Therapy with Liraglutide Plus Canagliflozin on HGP and
A1c vs. Each Therapy Alone in T2D

Muhammad Abdul-Ghani, MD (University of Texas Health Science Center, San Antonio, TX)

Dr. Muhammad Abdul-Ghani discussed a small study (n=45) investigating one of our favorite potential
combination therapies: GLP-1 + SGLT-2. Patients with type 2 diabetes were randomized to the higher dose of
Novo Nordisk's Victoza (liraglutide 1.8 mg), to the higher dose of J&J's Invokana (canagliflozin 300 mg), or to
a combination of both. After four months of treatment, combo therapy conferred more than additive weight
loss - this was remarkable to see and makes us wonder ever the more why we even think about using
monotherapy in diabetes. Body weight fell ~8 lbs from a baseline ~216 lbs in the canagliflozin group, fell ~4
lbs from a baseline ~213 lbs in the liraglutide group, and fell ~14 lbs (!) from a baseline ~217 lbs with both
GLP-1 and SGLT-2 together. (If weight loss was exactly additive, we'd expect to see a ~12 lbs reduction in the
combo group.) A1c reductions were less than additive, but were still greater with the combination (-1.9%) vs.
either monotherapy (-1.1% with canagliflozin, -1.6% with liraglutide). Baseline A1c was pretty low at ~8.2%.
Notably, these weight loss and A1c results match findings from DURATION-8 (n=695), AZ's larger clinical
trial evaluating Bydureon (exenatide) + Farxiga (dapagliflozin) co-administration. After seven months in
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DURATION-8, weight loss in the combination therapy arm (~8 lbs) was the sum of mean weight loss with
standalone GLP-1 (~3 lbs) + standalone SGLT-2 (~5 lbs). Meanwhile, the effect on A1c was less than additive
but was still statistically superior. Mean A1c drop was 2% in the combo arm, 1.6% in the exenatide arm, and
1.4% in the dapagliflozin arm, all from a baseline of 9.3%. So it seems that co-administration of a GLP-1
agonist and an SGLT-2 inhibitor could be a very effective intervention for patients in need of additional
weight loss (and of course, the majority of patients with type 2 diabetes are looking to lose weight), even if the
extra glycemic improvement is more marginal. We can see how the synergy of these agents confers at least
additive weight loss, with the GLP-1 suppressing appetite and slowing gastric emptying while the SGLT-2
dramatically increases glycosuria. We're curious about the potential for additive CV benefit as well, because by
the same mechanistic logic, GLP-1 therapy could address atherosclerosis while SGLT-2 treatment protects
against heart failure. The CV efficacy of GLP-1 + SGLT-2 co-administration has yet to be investigated in a
rigorous RCT, but we're certainly keen to see that study, and in the meantime, it's reassuring to know that
combination therapy across these drug classes is safe. ADA/EASD's new draft consensus statement
recommends prescribing GLP-1 alongside an SGLT-2 for certain patients who can access/afford it, and we'd
love to see these advanced products reach more patient hands, as real-world use is eggregiosly low right now.
According to a Diabetes Care article published last Fall, only 7% and 4% of US adults with type 2 diabetes
have ever been prescribed a GLP-1 agonist or an SGLT-2 inhibitor, respectively - truly shameful in our view.

▪ Dr. Abdul-Ghani also spoke to the differential effects of GLP-1 and SGLT-2 on
glucagon response. More specifically, GLP-1 agonists are known to inhibit glucagon secretion,
while SGLT-2 inhibitors raise plasma glucagon concentration - Dr. John Buse has shared a word of
caution around these opposing effects, although he co-chaired the ADA/EASD consensus writing
committee that recommends this particular combination for patients above A1c target at high CV
risk. In Dr. Abdul-Ghani's 45-person trial, canagliflozin monotherapy increased hepatic glucagon
production and thereby increased glucagon levels in the blood, as expected. Liraglutide
monotherapy caused a small decrease in hepatic glucagon production and in plasma glucagon
concentration. The glucagon response with canagliflozin + liraglutide together was somewhat
surprising: Hepatic glucagon production rose ~15%, but there was no corresponding rise in plasma
glucagon levels. Dr. Abdul-Ghani explained that there must be other mechanisms at play; our
interest is piqued, and we hope to learn much more about glucagon response with GLP-1 vs. SGLT-2
vs. their combination going forward.

Select Questions and Answers

Professor Kamlesh Khunti (Leicester Diabetes Center, UK): In clinical practice, we wouldn't
usually use these two simultaneously, so can you comment on what you expect the benefits to
be when GLP-1 and SGLT-2 are prescribed sequentially, in either order?

Dr. Abdul-Ghani: I'd be surprised if there were any major differences with sequential prescription. As you see
here, this combination might be disappointing in terms of A1c reduction, however in terms of weight loss, it's
a very attractive combination especially for people with obesity. As for the glucagon response when you
prescribe these sequentially, it's difficult to speculate, because we have no data. I expect that giving an SGLT-2
on top of a GLP-1 would result in a small increase in glucagon. From this data, it seems that the decrease in
glucagon is not that much of an important player.

Symposium: Exploring the Next Frontier in Diabetes Pharmacology

The Dual/Triple Peptides - Premise, Technologies, and Clinical Promise

Richard DiMarchi, PhD (Indiana University, Bloomington, IN)

GLP-1 agonists are a tremendous therapy class, offering profound glucose-lowering and weight loss, targeting
multiple physiological defects that give rise to type 2 diabetes. But is this the finish line? Or, as the renowned
and highly-respected Dr. Richard DiMarchi asked, "are we there yet?" Dr. DiMarchi discussed the promise of
dual and triple agonists incorporating GLP-1 - including GLP-1/glucagon, GLP-1/GIP, and GLP-1/glucagon/
GIP - which he positioned as the next generation of type 2 diabetes drugs. He also reviewed positive early
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research on the efficacy of FGF21 and leptin analogs. Dr. DiMarchi showed how GLP-1/glucagon dual
agonism has consistently yielded superior results to GLP-1 agonism alone in preclinical models. He pointed
out that this competitive landscape has grown rather robust in recent years, with Sanofi, Janssen, Merck, AZ/
MedImmune, Zealand, Novo Nordisk, and many others all developing candidates. Several of these companies
are targeting an obesity indication instead of type 2 diabetes, and we're certainly excited about this potential
to address the vast unmet need in obesity therapy. Dr. DiMarchi highlighted Sanofi's SAR425899 for its
"impressive weight loss results" in phase 2 (this data has yet to be peer-reviewed and published, so the most
we've heard publicly came in CEO Mr. Olivier Brandicourt's JPM remarks), although on the company's 1Q18
earnings call management alluded to some tolerability issues related to a higher-than-expected GLP-1 effect.
In our view, this doesn't undercut the promise of this emerging therapy class, but it does underscore the need
for a compelling safety/tolerability profile, because the next wave of diabetes treatment should make life
easier for patients, reducing the daily burden of this chronic disease - that said, getting there may be more
work, which is not a problem. Dr. DiMarchi also mentioned two positive phase 2 readouts on MedImmune's
GLP-1/glucagon dual agonist, which were presented earlier that morning at ADA; this candidate is also being
investigated for NAFLD/NASH, another area of high unmet need and no approved therapeutic candidates to
date. Turning to GLP-1/GIP dual agonists (click for the relatively less robust competitive landscape), Dr.
DiMarchi launched into a description of synergistic mechanisms. If you give GIP as monotherapy, you run the
risk of stimulating adipocytes, he explained, but in combination with GLP-1 this molecule drives greater
glycemic improvements. Moreover, GIP is an endogenous incretin hormone, and restoring the response in
type 2 diabetes can help "normalize" insulin production. Dr. DiMarchi concluded on a distinctly optimistic
note, suggesting that "there are multiple ways to get to poly-agonism," and that poly-agonism is going to offer
"greater efficacy and hopefully greater safety" to patients.

▪ Notably, Dr. DiMarchi referred to the SCALE program for obesity drug Saxenda
(liraglutide 3.0 mg) as "the end of the beginning," and he applauded Novo Nordisk for its
commitment to obesity as a therapeutic indication before anyone else was showing interest
(presumably this excludes the smaller companies - Vivus, Orexigen, and Arena). We echo these
kudos, and we're hopeful that Novo Nordisk's leading role in the obesity market will bring more
attention and awareness to obesity as a chronic disease - we haven't seen too much to date yet on
this front. That said, the company is involved in multiple efforts to reduce stigma around obesity, as
outlined at Capital Markets Day last year (changing people's mindset with the ACTION study,
increasing HCP engagement with the Rethink Obesity platform, and expanding patient access to
care by supporting the Treat and Reduce Obesity Act). Saxenda captured ~73% of pooled obesity
drug sales in 1Q18, and Novo Nordisk also has a robust obesity pipeline with semaglutide advancing
into phase 3 this year and six phase 1/2 candidates.

Stretching It Out - Very-Long-Acting Agents and Implantable Technologies for
Drug Delivery in Diabetes

Carlos Alvarez, PharmD (Texas Tech University, Lubbock, TX)

Dr. Carlos Alvarez shared his take on promising, long-acting drug delivery systems that he hopes will increase
adherence - specifically, he touched on Intarcia's ITCA 650 (implantable exenatide mini pump, providing
GLP-1 therapy for three-six months continuously) and a new GLP-1 receptor antibody, Glutazumab. As
background, Intarcia received a Complete Response Letter (CRL) for ITCA 650 in September 2017, and the
company is now preparing to re-file the candidate with FDA (no timing for resubmission has been
announced). While this was disappointing news, Dr. Alvarez was optimistic that ITCA 650 may reach the
market in "the next year or so." Presumably, this would mean FDA resubmission is right around the corner;
we can't be sure what the status is, but our sense is that it's taking more work to put together a re-filing
package than we originally anticipated. Nonetheless, we echo Dr. Alvarez's enthusiasm for this candidate,
which could make GLP-1 agonist treatment much easier and more adherence-friendly for people with
diabetes. Intarcia CEO Mr. Kurt Graves has highlighted this adherence piece in conversations with our team.
We've also heard that ITCA 650 won't be distributed through PBMs, which could result in more attractive
pricing for patients, more access.
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▪ Dr. Alvarez also seemed excited about Glutazumab, a GLP-1 receptor monoclonal
antibody being developed by Gmax Biopharm. The agent is in phase 2 studies in Australia
and New Zealand. According to Gmax's website, Glutazumab (or GMA 102) could overcome
shortcomings of currently available GLP-1 agonists, namely that there's some on-target toxicity. The
humanized monoclonal antibody has a GLP-1 fragment attached, which could lessen on-target
toxicity. According to Dr. Alvarez, Glutazumab showed comparable glucose control to dulaglutide
(Lilly's once-weekly GLP-1 agonist Trulicity) for slightly longer duration in a mouse model of
diabetes. This is only preclinical data, but our interest is piqued for another approach to longer-
lasting GLP-1 therapy.

▪ Dr. Alvarez mentioned microneedle patches, islet cell implantation, and thermally
sensitive biopolymers as exciting drug delivery systems as well. He suggested that
microneedle patches could (eventually) replace insulin injections, but noted that they are currently
in early-stage clinical trials for a wide range of therapies. With respect to islet cell implantation, Dr.
Alvarez focused primarily on ViaCyte's PEC-Encap, a semipermeable encapsulation device that can
house beta cells and prevent the need for chronic immunosuppression. He remarked that ViaCyte is
working to downsize the PEC-Encap device to about the size of a quarter. Lastly, Dr. Alvarez stressed
that thermally sensitive biopolymers and elastin-like polypeptides, which can be attached to small,
short-acting peptides such as GLP-1s, have the potential to extend the dosing of these drugs for up to
6-12 months. Again, he acknowledged that these candidates are in the very early stages of clinical
development.

Symposium: Prioritizing Injectable Therapies in Type 2 Diabetes

When Should Fixed-Ratio Basal Insulin/GLP-1 Agonist Combination Products be
Considered?

Vivian Fonseca, MD (Tulane University, New Orleans, LA)

Tulane's Dr. Vivian Fonseca suggested that fixed-ratio combination therapy with basal insulin/GLP-1 should
be the first injectable drug used in type 2 diabetes - and he argued that FDA should update the Xultophy and
Soliqua product labels to allow for this. Music to our ears - from his lips …!

Novo Nordisk's Xultophy (insulin degludec/liraglutide) and Sanofi's Soliqua (insulin glargine/lixisenatide)
were both approved for the US market on the same day in November 2016. Here we are a year and a half later,
and commercial uptake of these products has been disappointingly, remarkably low. Dr. Fonseca attributed
this in part to the restrictive indications on both drugs: FDA stipulated that Xultophy can only be used after
basal insulin or liraglutide (Victoza) in any given patient (very surprising), while Soliqua can only be used
after basal insulin or lixisenatide (Adlyxin). This precludes fixed-ratio combination therapy from being used
as a first injectable, it unnecessarily delays treatment intensification and exposes patients to more
hyperglycemia (and possibly hypoglycemia), and it's been especially challenging for the Soliqua franchise
since standalone Adlyxin is prescribed so infrequently. Dr. Fonseca characterized this as a "limitation in the
packet insert that creates issues in patient access" to fixed-ratio combination products, and he noted that
there are already enough barriers to optimal diabetes care without this one. We'll keep an eye out for the label
updates Dr. Fonseca proposed, and in the meantime, we hope to see continued efforts from Novo Nordisk and
Sanofi to educate providers about this new therapy class. Our sense is that many HCPs (and especially PCPs)
aren't entirely comfortable (read: many, at all) with the concept of a fixed-ratio combination, and we owe it to
patients (and providers themselves!) to spread more awareness of medicines that profoundly lower A1c
without weight gain or excess hypoglycemia risk. For more on basal insulin/GLP-1, see our coverage of DUAL
IX results (Xultophy vs. Lantus) from earlier at ADA.
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Symposium: Update on Diabetic Retinopathy Clinical Trials

Update on Retinopathy Outcomes in GLP-1 Trials

Wiley Chambers, MD (FDA, Silver Springs, MD)

FDA Deputy Director Dr. Wiley Chambers (Department of Transplant and Ophthalmology Products) argued
that the retinopathy signal observed in SUSTAIN 6 for Novo Nordisk's Ozempic (semaglutide) was based on
poorly chosen and poorly defined endpoints. This signal is not necessarily cause for alarm, he asserted. An
ophthalmologist by training, Dr. Chambers echoed and expanded upon the conclusions drawn by the
independent group of ophthalmologists consulted by the FDA prior to the Advisory Committee meeting for
semaglutide. SUSTAIN 6 examined three endpoints related to retinopathy: (i) need for retinal
photocoagulation or treatment with intravitreal agents; (ii) vitreous hemorrhage; and (iii) onset of diabetes-
related blindness (defined as Snellen visual acuity of 20/200 or less or visual field <20 degrees in the better
eye with best correction possible). Dr. Chambers systematically described why each of these were
inappropriate endpoints to evaluate retinopathy risk in the trial - this would be a big deal to come from any
endocrinologist and especially one that works for the FDA!

▪ Regarding the first endpoint - need for retinal photocoagulation or treatment with
intravitreal agents - Dr. Chambers pointed out that the SUSTAIN 6 protocol did not
clearly define at which point these therapies would be considered necessary. Turning to
the American Academy of Ophthalmology clinical guidelines, he noted that there's some ambiguity
in when these therapies are recommended for diabetic retinopathy. Further, the actual adjudication
of this endpoint was based on whether or not participants received photocoagulation or intravitreal
injection, not actually whether they needed it. Dr. Chambers emphasized that the clinical decision to
actually provide therapy is influenced by a number of factors, including (i) expected decreased visual
function associated with photocoagulation; (ii) risk of endophthalmitis associated with injection;
(iii) economic cost to patient; and (iv) economic benefit to physician performing photocoagulation
or delivering the injection. He further emphasized that the effect of these factors on whether or not
someone who needs therapy actually receives it is magnified with the clinical practice guidelines are
ambiguous, as they are in this case. We were reminded of Dr. Andrew Boulton's commentary in
reaction to the CANVAS amputation signal; he stressed that amputation is a "soft endpoint,"
requiring active decision-making from patient and provider, and this parallels the "need" for retinal
photocoagulation or intravitreal agents in SUSTAIN 6.

▪ Regarding the second retinopathy endpoint of vitreous hemorrhage, Dr. Chambers
acknowledged that it's an uncommon endpoint that can be bad, but that there's a
range of severity of the hemorrhage and the SUSTAIN 6 protocol did not clearly define
a threshold for significance. He noted that vitreous hemorrhage can both clear on its own or
persist, and the clinical significance of the two is not equal. Further, he pointed out that there was an
imbalance in past history of vitreous hemorrhage at baseline in SUSTAIN 6, which may have
confounded the results.

▪ Finally, and notably, Dr. Chambers asserted that the third retinopathy endpoint in
SUSTAIN 6 - regarding diabetes-related blindness - was poorly chosen and defined. As
it was written, the endpoint only evaluated visual acuity in the better eye, so a participant could be
completely blind in one eye and not meet the endpoint. He further underscored that diabetes-related
blindness is a rare event and that diabetes increases the rate of cataract progression that
independently can cause a 20/200 visual acuity.

▪ Dr. Chambers emphasized that even if SUSTAIN 6 demonstrated an increased risk of
retinopathy with more appropriate endpoints, he would not be unduly concerned
about the safety of semaglutide. He stated that it's well-known that rapid A1c reductions can
cause an increase in events related to retinopathy in the first year. He highlighted the DCCT trial as
the best example of this, in which retinopathy rates were higher in the intensive treatment group
initially. Over seven-nine years, intensive A1c control was clearly better for microvascular outcomes
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including retinopathy. This came up at the semaglutide Advisory Committee meeting, and panelists
referred to the transient increase in retinopathy events with dramatic A1c reduction as "early
worsening phenomenon. "As ophthalmologists, we don't get particularly concerned if we see a few
more events early on because in the long term we know it's in the patient's best interest," Dr.
Chambers emphasized. Indeed, the independent group of ophthalmologists consulted by the FDA
prior to the Advisory Committee meeting found no reason to restrict patient population or dose
titration of semaglutide at all. While we were very reassured by this, we also think it's too bad that
the original drama and trauma had to appear.

▪ We're reassured by Dr. Chambers remarks on the SUSTAIN 6 retinopathy results and
by the ophthalmologist's perspective he brings to this issue. While the signal should not be
ignored, it certainly appears that semaglutide's substantial benefits outweigh this possible risk.
Moreover, any retinopathy risk can be managed with appropriate patient selection and screening
strategies. While the retinopathy signal caused murmurs of discomfort in the audience when
SUSTAIN 6 was presented at EASD 2016, most thought leaders have not seem particularly worried
since then though at the time it did take some attention away from the notable results. Nonetheless,
we appreciated Dr. Chambers' clear, systemic, and reasoned approach to reassuring the diabetes
providers in the room on this front, and it's undoubtedly beyond valuable to hear this endorsement
of semaglutide's safety from an FDA employee.

▪ Dr. Chambers argued for a more rigorous approach to evaluating retinopathy in
future trials using the Early Treatment Diabetic Retinopathy Scale (ETDRS). Going
forward, he suggested that clinical trial protocols can call for photographs to be taken of both retinas
- interestingly, Dr. Chambers noted that dilation would not even be required for this. The
photographs can then be graded by an ophthalmologist or a reading center using the ETDRS scale
and the retinopathy endpoint would be defined as a three-step change on the ETDRS.

Questions and Answers

Q: I'm not so comforted by your explanation of the GLP-1 data. If I look at the data carefully, I
wonder about the decrease in A1c which you seem to suggest is the mechanism behind the
retinopathy. The SGLT-2 inhibitors didn't have that finding, unless they just didn't look at
retinopathy. Those also I think similarly decreased A1c levels. Also, DCCT actually came back
after two to three years and your data was 100-some weeks and the curves were still parallel.

A: The first point I want to make from that trial is that those were not the right endpoints. That trial did not
take photos so there was no way to grade retinopathy to get an accurate view of what the retinopathy actually
was. We can't base any conclusions on the endpoints measured. I would've expected more events and for the
data to behave more like DCCT if they had chosen the right endpoints. I don't know that for sure, but that's
my guess based on previous info.

Q: You haven't addressed my question about SGLT-2 inhibitors.

A: It's a matter of whether enough people had enough retinopathy in the trial to see a sufficient change. In
some of the SGLT-2 inhibitor data I've looked at, I have seen similar large drops in A1c and similar increases
in retinopathy. The data is not public, but I have seen consistent results.

Q: For GLP-1 agonists, are there any retina-specific effects that are known, such as receptors
on the retina?

A: I don't know. That doesn't mean there aren't any, but I'm not aware of it.
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Symposium: The Intestine in the Regulation of Metabolism, Immunity, and
Insulin Sensitivity

Enteroendocrine Functions of the Intestine

Daniel Drucker, MD (Lunenfeld-Tanenbaum Research Institute, Toronto, Canada)

The highly-respected Dr. Daniel Drucker discussed some of GLP-1's hidden talents beyond glucose regulation
during this Saturday afternoon symposium. He explained that while the field has primarily focused for the
past 20 years on GLP-1's ability to stimulate insulin secretion, the peptide has a wide range of effects outside
of the beta cells. For example, evidence shows that GLP-1 increases protein biosynthesis in the pancreas,
markedly increases proliferation in the gut, and is a crucial part of the intestinal immune response. It
essentially acts as a pathogen sensor that alerts the body when the barrier function of the intestine has broken
down and the innate immune system needs to be activated. Unlike many other pathways, this response is
highly conserved from mice to humans. There is also evidence to suggest that GLP-1 plays a role in regulating
the gut microbiome, as mice missing a GLP-1 receptor have abnormal composition of their gut flora. Dr.
Drucker also spent some time reviewing data on GLP-2's role in regulating the microbiome and inhibiting
gallbladder emptying. GLP-1 agonists are some of the most advanced therapies available for type 2 diabetes,
but the drug class also stimulates profound weight loss (and is thus important for obesity care as well) and
boasts potential in diabetes-adjacent indications like NASH (e.g., Novo Nordisk is investigating semaglutide
in NASH). At this ADA, we even heard renewed promise for GLP-1 agonist liraglutide in type 1 diabetes
(though Novo Nordisk management has no plans to pursue a type 1 indication for Victoza - it has said that it
may do this for oral semaglutide and we could see a strong possibility that the type 1 results came out the way
they did due to dosing decisions rather than anything else). Some researchers are interested in applying
GLP-1 in Alzheimer's. All this is to say that there could be untapped potential in GLP-1 agonists, and Dr.
Drucker's talk was inspiring to this end.

Questions and Answers

Q: Have you done a double knockout of GLP-1 and GLP-2?

A: You would think that if they have overlapping actions on gut barrier function that a double knockout would
have profound phenotypes. We made that mouse about six years ago. It's not published because our 379
experiments were amazingly normal. It baffles us why the individual knockouts have interesting phenotypes
but the double knockout clearly has tremendous compensation.

Q: You mentioned all the key intestinal organs, but these compounds are secreted into the
portal system. Are there effects on the liver?

A: We never see GLP-1 receptors in hepatocytes. If you download every RNA seq of hepatocytes, I don't
believe you ever detect the GLP-1 receptor in hepatocytes. It may come in through immune infiltration but I
think it's very rare. There are GLP-2 receptors in the liver but not in hepatocytes. We're doing a lot of cell
sorting and looking for it; it's not very abundant but it is there. Any actions on the liver are almost certainly
indirect.

Q: There's a growing body of literature about the GLP-1 receptor on macrophages and
endothelial cells in the context of atherosclerosis. Is there evidence of the receptor on resident
macrophages of the intestine?

A: No, there is a growing body of evidence that there may be actions of these peptides on those cell types. We
never find the receptor on macrophages or on the majority of endothelial cells. It is on some; the mouse lung
is loaded with GLP-1 receptors, but the human lung is not. We have taken out almost every major blood vessel
in the mouse and most endothelial cells and macrophages don't express the receptor, so I would question the
mechanism being reported.

Q: You said the GLP-1 receptor is expressed on intestinal lymphocytes. Is it also on other
lymphocytes? What about in the adipose tissue where lymphocytes play a big role?
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A: I can never exclude the possibility that somewhere the receptor pops up. We never see it outside the gut in
lymphocytes. Every week when someone publishes another RNA seq, we just never see it outside the gut.
Someone probably has data to refute that, but so far we don't see it.

Product Theaters

Developments in GLP-1 Treatment Options for Adults with Type 2 Diabetes
(Sponsored by Novo Nordisk)

James Gavin, MD (Emory University, Atlanta, GA)

Speaking to an absolutely packed room, Dr. James Gavin made the case that Novo Nordisk's Ozempic
(semaglutide) "consistently outperforms" comparators including placebo, DPP-4 inhibitors, and other GLP-1
agonists in terms of both A1c reduction and outcomes beyond A1c. Briefly reviewing the comprehensive
SUSTAIN phase 3 clinical trial program, Dr. Gavin underscored that "it doesn't matter which trial we look at,
there is outperformance by both doses of Ozempic compared to comparators" in terms of glycemic reduction,
achievement of A1c goal <7%, and weight loss. Dr. Gavin especially emphasized comparisons of Ozempic to
other GLP-1 agonists and to DPP-4 inhibitors. He spent substantial time drilling down into the results of
SUSTAIN 7, the head-to-head trial of Ozempic vs. Lilly's once-weekly GLP-1 Trulicity (dulaglutide). While
acknowledging that the study was not designed for this comparison, he pointed out that the low dose of
Ozempic achieved comparable A1c-lowering to the high dose of Trulicity (we noticed something similar on
weight loss as well). Next, Dr. Gavin gave the audience the option of voting to examine the SUSTAIN 2 (head-
to-head comparison with Merck's DPP-4 inhibitor Januvia) or the SUSTAIN 3 (head-to-head comparison with
AZ's GLP-1 agonist Bydureon) in more detail. The audience overwhelmingly voted for SUSTAIN 3, which
speaks to the hunger amongst diabetes providers to learn more about the advanced GLP-1 agonist class in
general. It's clear that Novo Nordisk is trying to differentiate Ozempic as a potential best-in-class GLP-1
option, and all the SUSTAIN data certainly points in this direction. That said, we're reminded of Dr. Ralph
DeFronzo's remarks at AACE just a couple months ago: "All of these drugs are fantastic, and all you need to do
is make sure your patient is on one of them." Despite findings from SUSTAIN 7, Trulicity is a phenomenal
diabetes therapy that could help so many patients in the real world, and we shouldn't lose sight of the class-
wide benefits to GLP-1s as we interpret head-to-head data. Dr. DeFronzo suggested that which GLP-1 agonist
to prescribe will most likely come down to a patient's insurance rather than comparative efficacy. And being
on any GLP-1 agonist is better than being on none of them.

▪ Regarding the safety warnings on the Ozempic label, Dr. Gavin repeatedly suggested
that much of the risk can be mitigated by clinicians screening patients regularly and
"doing more vigilantly those things that we should be doing anyway in routine follow-
up." On retinopathy, he argued that HCPs should be screening patients regularly for eye
complications anyway and that being more cautious about using Ozempic in patients with a history
of retinopathy can largely mitigate the risk. Similarly, regarding the acute kidney injury warning, Dr.
Gavin emphasized that clinicians should be assessing patients' renal function regularly anyway.

▪ Dr. Gavin also highlighted the surprising and highly intriguing SUSTAIN 6 results,
which demonstrated an impressive statistically significant 26% reduction in three-
point MACE (MI, stroke, and CV death) for Ozempic. That said, Dr. Gavin was careful to
note that these results represent a "substantial demonstration of CV safety and no increased risk of
MACE," but did not make any claims toward a cardioprotective effect for the drug. Given the
product theater setting, Dr. Gavin was prohibited from making any off-label comments, but it's clear
that SUSTAIN 6 is a highlight of the clinical trial program for Ozempic and to a certain extent, the
data can compellingly speak for itself. Still, the value of having an indication for cardioprotection is
indisputable in terms of spreading awareness to busy HCPs/patients, and we have our eyes and ears
peeled for Novo Nordisk's next moves on this front.
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The Role of GLP-1 Receptor Agonist Therapy in Type 2 Diabetes Management
(Sponsored by AZ)

Robert Busch, MD (Albany Medical College, NY)

Dr. Robert Busch presented a comprehensive overview of GLP-1 agonists, then focused specifically on AZ's
once-weekly Bydureon (exenatide) and on the new BCise autoinjector. He opened with the ominous octet and
described how GLP-1 agonists target multiple pathophysiological defects in type 2 diabetes at low
hypoglycemia risk. Dr. Busch emphasized the class' efficacy in patients with dysfunctional beta cells and thus
its utility late in the disease course. He walked attendees through the evolution of the once-weekly exenatide
experience and recent microsphere technology: AZ's Byetta, Bydureon single-dose tray, Bydureon dual
chamber pen, and Bydureon BCise autoinjector. BCise was also a main focus of AZ's exhibit hall booth at
ADA, and we can't emphasize enough how much easier it is for patients to use an autoinjector rather than a
single-dose reconstitution kit or even the dual chamber pen (which still required a lengthy tapping and mixing
process). We're thus very excited about the new BCise offering, and we hope it stimulates Bydureon sales as
the IDEO-designed Trulicity autoinjector did for Lilly's GLP-1 franchise. Dr. Busch showed Bydureon's safety
and efficacy by summarizing DURATION trials. In addition, he displayed DURATION-NEO-1 data to
highlight the advantages of Bydureon BCise in particular. He also demonstrated the "mix, unlock, and inject"
steps of the product. In summary, Dr. Busch underscored Bydureon BCise' efficacy and safety profile, noted
its continuous-release microsphere technology as well as its additional weight loss benefit, and highlighted the
product's convenient design. Bydureon BCise recently received a positive CHMP opinion, and final EMA
marketing authorization is expected in 2H18.

Posters

Effect and Safety of Oral Semaglutide Monotherapy in Type 2 Diabetes - PIONEER
1 Trial

VR Aroda, J Rosenstock, Y Terauchi, O Jeppesen, E Christiansen, CL Hertz, M Haluzik

Building on the topline results released in February, Novo Nordisk presented full data from PIONEER 1 (oral
semaglutide vs. placebo) on a late-breaking poster. Adults with type 2 diabetes (n=703) started on either 3 mg
oral semaglutide, were up-titrated to 7 mg or 14 mg over eight weeks, or were randomized to placebo. The
total treatment duration was 26 weeks. In the on-treatment analysis, A1c declined by 0.8% in the 3 mg group,
-1.3% in the 7 mg group, -1.5% in the 14 mg group, and only -0.1% in the placebo group, leading to estimated
treatment differences of 0.7%, 1.2%, and 1.4%, respectively (all p<0.001). Baseline A1c was 7.9% (3 mg,
placebo) or 8.0% (7 mg, 14 mg). Oral semaglutide stimulated very meaningful weight loss - ~4 lbs with the 3
mg dose, ~6 lbs with the 7 mg dose, and ~9 lbs with the 14 mg dose after just 26 weeks. Mean weight loss was
~3 lbs in the placebo group, leading to estimated treatment differences of 1 lb (non-significant p-value), ~3 lbs
(p<0.05), and ~6 lbs (p<0.001). The decline in body weight started immediately and continued steadily over
these 6+ months, without major plateauing, and we'll be curious to see if the oral GLP-1 agonist confers even
more weight loss with longer exposure time. Novo Nordisk is also exploring injectable semaglutide as an
obesity drug, and we're cautiously optimistic that an oral formulation could ultimately help many people with
type 2 diabetes/obesity. Baseline body weight was ~194 lbs across PIONEER 1, which means patients on 14
mg oral semaglutide lost ~5% body weight on average (experts say 5%-10% weight loss is needed for
metabolic benefits, though the obesity field is now striving to break through this threshold with drugs that
offer 15%-20% weight loss). In addition, the poster mentions that 44% of people on 14 mg semaglutide
experienced at least 5% weight loss vs. 16% of individuals taking placebo (p<0.001). The composite outcome
of A1c <7% without weight gain or hypoglycemia was achieved by 73% of participants on high-dose
semaglutide vs. 27% of those on placebo (p<0.001), and the composite of at least 1% A1c decline + at least 3%
weight loss was seen in 54% and 11%, respectively (p<0.001). Fasting plasma glucose fell 12 mg/dl with the
lowest dose of oral semaglutide, -27 mg/dl with the medium dose, and -37 mg/dl with the highest dose vs. +4
mg/dl with placebo (all p<0.001). Baseline fasting glucose was ~159 mg/dl. Lastly from the on-treatment
principle, 59%, 72%, and 80% of semaglutide-treated patients (3 mg, 7 mg, and 14 mg, respectively) achieved

www.closeconcerns.com 73

https://www.closeconcerns.com/knowledgebase/r/6158f1ed
https://www.closeconcerns.com/knowledgebase/r/3fac7f97#DURATION-NEO-1:_Greater_HbA1C_Reductions_with_Exenatide_Suspension_Once_Weekly_by_Autoinjector_Pen_vs_Exenatide_Twice_Daily_in_Inadequately_Controlled_Type_2_Diabetes
https://www.closeconcerns.com/knowledgebase/r/abe24423
https://www.closeconcerns.com/knowledgebase/r/2f2e2a5a
https://www.closeconcerns.com/knowledgebase/r/9e4b77bc#Metabolic_Surgery_for_Primary_and_Secondary_Diabetes_Prevention


A1c <7% after 26 weeks, while only 34% of placebo-treated patients reached this ADA-recommended target
(all p<0.001 vs. placebo).

▪ Novo Nordisk management explained to us recently that FDA requires an intention-
to-treat analysis wherein all patients are considered, even those who discontinued
from the study or who used rescue medication. Participants in the placebo group are more
likely to need rescue therapy, and including them thus mutes the apparent efficacy of the study drug.
Presumably, excluding dropouts in the on-treatment analysis would have the opposite effect,
amplifying the apparent efficacy of oral semaglutide, but the discontinuation rate in PIONEER 1 was
about what's expected for any GLP-1 agonist. Four people (2%), seven people (4%), and 13 people
(7%) prematurely discontinued 3 mg, 7 mg, and 14 mg semaglutide, respectively, vs. four people
(2%) from the placebo group. In PIONEER 4, 11% of individuals taking 14 mg semaglutide dropped
out (this was a longer, 52-week study) vs. 9% of those taking injectable GLP-1 Victoza (liraglutide).
Rates of GI side-effects, including nausea, vomiting, and diarrhea, were also as expected for a GLP-1
agonist (18%-31% of oral semaglutide patients vs. 17% of placebo patients). In any case, Novo
Nordisk's first-in-class oral GLP-1 met its primary endpoint within the intention-to-treat principle,
in that all three doses showed superior A1c-lowering vs. placebo. We'll be keeping our ear to the
ground for more on these two different statistical approaches (intention-to-treat vs. on-treatment),
listening for any clues as to which analysis non-FDA regulators will use.

▪ We've heard some speculation that the fasting requirements around oral semaglutide
will impose undue burden on patients. As stated on the poster, PIONEER 1 participants were
instructed to take their dose in a fasting state every morning and to refrain from eating for another
30 minutes thereafter. While this could be perceived as a nuisance by some patients, we think that
many others will decide the glucose-lowering and weight loss are well worth it; plus, oral
semaglutide is an appetite-suppressant, which could ease the post-dose fasting. Non-adherence to
this protocol would undercut the efficacy of oral semaglutide. Based on the compelling efficacy data
from PIONEER 1, we suspect adherence was fairly strong, but we'd love specific details on this.
Moreover, since adherence is always lower outside the context of an RCT, we'll be curious to see if
Novo Nordisk invests in any support tools - digital or otherwise - to aid real-world engagement.

▪ Which dose(s) will Novo Nordisk choose for commercialization? Management has
previously shared plans to submit an NDA for oral semaglutide in 2019. Apparently, the company
used mathematical modeling to find an optimal dose of the oral GLP-1, settling on 14 mg once-daily.
Given the higher rates of nausea and dropout associated with the higher dose, will Novo Nordisk opt
for 7 mg instead, or for both? On the other hand, it's important to note that glycemic improvements
and weight loss were also greater in the higher dose group, and nausea is usually mild to moderate
and tends to subside over time.

▪ The phase 3 PIONEER program for oral semaglutide features 10 trials in total. Four of
these have reported topline data (1, 2, 4, and 7), and this late-breaker offered the first full PIONEER
dataset. We look forward to many more readouts on oral semaglutide in the remainder of 2018 - it's
shaping up to be "the year of oral GLP-1." We spoke to Dr. Todd Hobbs (Novo Nordisk's CMO in
North America) about the PIONEER program, and he shared that he's most excited for the
PIONEER 6 CVOT results, which will be informative for our clinical understanding of oral
semaglutide as well as the company's commercialization efforts. To be sure, it's becoming
increasingly difficult for a new diabetes drug to gain traction on the market without CV benefit, now
that multiple GLP-1s and SGLT-2s have shown cardioprotection, and now that patients/providers
are looking for more than A1c reduction from their pharmacotherapy.

▪ Dr. Hobbs affirmed that Novo Nordisk is committed to providing high-quality
educational materials to help real-world patients adhere to the oral semaglutide
fasting requirements. He acknowledged that participants in a clinical trial typically have more
support in their diabetes management and overall health engagement vs. patients in the real world;
to keep adherence rates strong so that oral semaglutide's efficacy is preserved outside of RCTs, he
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alluded to replicating support materials from the PIONEER program for the real world. He also
emphasized that adherence to oral semaglutide in PIONEER 1 was as high as you'd expect for a
GLP-1 agonist. And, he pointed to the longer duration of follow-up in PIONEER 3 (78 weeks),
describing how participants were able to stick to their oral semaglutide regimen (dose timing/
fasting) for a lengthy period of time.

Phase 3 PIONEER Program

Trial Estimated
Enrollment

Comparator/Design Timeline

PIONEER

1

704 Placebo Completed December 2017; Topline results

announced February 2018; Full results coming

on ADA poster (2-LB)

PIONEER

2

816 Lilly/BI's Jardiance

(empagliflozin)

Completed March 2018; Topline results

announced May 2018

PIONEER

3

1,860 Merck's Januvia

(sitagliptin)

Completed March 2018, Topline results

expected by June 30, 2018

PIONEER

4

711 Novo Nordisk's Victoza

(liraglutide)

Completed March 2018; Topline results

announced June 2018

PIONEER

5

324 Moderate renal

impairment

Expected to complete May 2018

PIONEER

6

3,176 CVOT Expected to complete September 2018

PIONEER

7

504 Flexible dose escalation Completed March 2019; Topline results

announced June 2018

PIONEER

8

720 Insulin add-on Expected to complete August 2018

PIONEER

9

230 Placebo and liraglutide in

Japan

Expected to complete August 2018

PIONEER

10

336 Lilly's Trulicity

(dulaglutide) as an add-on

to oral agents in Japan

Expected to complete July 2018

Patients with Type 2 Diabetes on the Maximum Dose of Insulin Degludec/
Liraglutide (IDegLira) Achieve Glycemic Target: Analyses from the DUAL
Program

L Meneghini, S Linjawi, P Serusclat, T Vilsbøll, B Agner, T Hansen, and L Leiter

According to this post-hoc analysis of Novo Nordisk's DUAL program (I-V and VII), the subgroup of "sicker"
patients who required titration to the maximum dose of Xultophy (50 units insulin degludec/1.8 mg
liraglutide) still experienced better outcomes than healthier participants on placebo or comparator therapies.
With the exception of DUAL VII (Xultophy vs. basal-bolus), all studies found that high-dose Xultophy led to a
higher proportion of patients achieving an A1c <7% vs. placebo or an active comparator. In DUAL I, 74% of
participants on max-dose Xultophy achieved an A1c <7% vs. 65% of patients taking Tresiba (insulin degludec)
monotherapy and 61% taking Victoza (liraglutide) monotherapy; 87% of those taking a lower dose of Xultophy
achieved A1c <7%. DUAL III-V tell a similar story, with participants on max-dose Xultophy achieving better
outcomes than the comparator, but underperforming relative to their counterparts on a lower Xultophy dose.
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In DUAL III, 73% of participants on max-dose Xultophy achieved an A1c of <7% vs. 36% on Victoza
monotherapy and 78% on low-dose Xultophy. In DUAL IV, 61% of participants on max-dose Xultophy
reached target A1c vs. 29% on placebo and 82% on low-dose Xultophy. In DUAL V, 68% of people on max-
dose Xultophy achieved target A1c vs. 47% on Lantus (insulin glargine) and 74% on low-dose Xultophy.
Notably, in DUAL II, 63% of patients on max-dose Xultophy achieved target A1c - more than Tresiba
monotherapy (23%) and even lower-dose Xultophy (55%). By contrast, 57% of max-dose Xultophy patients in
DUAL VII achieved target A1c vs. 67% of patients randomized to basal-bolus therapy with Lantus and
NovoLog and 71% of low-dose Xultophy patients. Despite the break from pattern with DUAL VII, this analysis
as a whole speaks to Xultophy's incredible potency as an anti-hyperglycemic agent. It's heartening to see that
people who require more aggressive diabetes therapy at baseline can still go on to see excellent outcomes. This
poster illustrates the importance of abolishing the treat-to-fail paradigm in diabetes care so that more patients
are put on a drug like Xultophy earlier in the course of disease progression. In fact, in a separate ADA talk, Dr.
Vivian Fonseca argued that FDA should change the Xultophy and Soliqua (insulin glargine/lixisenatide) labels
so that these fixed-ratio combinations can be used as a first injectable therapy instead of only as an
intensification from basal insulin or GLP-1 monotherapy.

Renal Outcomes in the EXenatide Study of Cardiovascular Event Lowering
(EXSCEL)

MA Bethel, RJ Mentz, P Merrill, JB Buse, JC Chan, SG Goodman, N Iqbal, N Jakuboniene, BG
Katona, Y Lokhnygina, RD Lopes, AP Maggioni, PK Ohman, NR Poulter, A Ramachandran, T
Tankova, B Zinman, AF Hernandez, RR Holman

Following the presentation of primary EXSCEL results at EASD 2017, AZ followed up with an ADA poster
displaying renal outcomes from the CVOT. The once-weekly GLP-1 agonist Bydureon (exenatide) showed
compelling renal safety and hinted at efficacy, much like the drug showed compelling CV safety and possible
CV benefit … more on this below. Patients on Bydureon saw a smaller margin of eGFR decline (~0.2 ml/min/
1.73m from a baseline ~78 ml/min/1.73m ) over the course of the trial compared to their counterparts on22

placebo, though this did not reach statistical significance (p=0.39). New-onset macroalbuminuria occurred in
2.2% of exenatide-treated patients vs. 2.5% of placebo patients (HR=0.84, 95% CI: 0.67-1.04, p=0.11). The
composite endpoint of 40% reduction in eGFR, renal replacement therapy, or renal death occurred in 3.8%
and 4.2% of participants, respectively, again trending in favor of Bydureon but not reaching statistical
significance (HR=0.87, 95% CI: 0.73-1.04, p=0.13) in the population studied. Investigators did find a
significant benefit to Bydureon on a second renal composite endpoint, comprised of 40% decline in eGFR,
renal replacement therapy, renal death, or new-onset macroalbuminuria (relative risk reduction 15%,
HR=0.85, 95% CI: 0.74-0.98, p=0.03).

▪ This renal data parallels CV data from EXSCEL, in that Bydureon has missed
thresholds for statistical significance but shows some potential for efficacy. As a
reminder, once-weekly exenatide was a razor-thin margin away from demonstrating CV efficacy in
EXSCEL: The hazard ratio for three-point MACE (non-fatal MI, non-fatal stroke, CV death) was
0.93 (95% CI: 0.85-1.00, p<0.001 for non-inferiority, p=0.06 for superiority). Cardioprotection was
evident in participants older than 65 (HR=0.80, 95% CI: 0.71-0.91), and we'd be curious to see renal
outcomes in different EXSCEL subgroups as well. Several thought leaders have attributed EXSCEL's
neutral CV findings to its pragmatic trial design, and we think it's likely that the large primary
prevention cohort ("less sick" patients), lower adherence/higher dropout rate, and wide range of
concomitant medications used in the placebo group all muted the appearance of CV benefit. Could
the same be true for renal protective effects? This is a question at least worth asking, in our opinion,
as the field continues to discuss class effects of GLP-1s (that said, we sense much more enthusiasm
from thought leaders for the CV benefits of GLP-1 agonists rather than the renal benefits). For
context, Novo Nordisk's Victoza (liraglutide) reduced risk for adverse renal outcomes by 22% vs.
placebo (HR=0.78, 95% CI: 0.67-0.92, p=0.003) in LEADER. In SUSTAIN 6, semaglutide (now
branded as Ozempic) reduced nephropathy risk by 36% vs. placebo (HR=0.64, 95% CI: 0.46-0.88,
p=0.005).
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Patient-Reported Outcomes (PROs) for Insulin Degludec/Liraglutide (IDegLira)
vs. Insulin Glargine (IGlar U100) as Add-On to Sodium-Glucose Co-Transporter-2
Inhibitor (SGLT2i) ± Oral Antidiabetic Drug (OAD) Therapy in Patients with Type
2 Diabetes (T2D) - DUAL IX Trial

M Brod, L Billings, R Busch, S Harris, C Portillo, R Sahay, A Busk, S Eggert, N Halladin, A
Philis-Tsimikas

Dr. Athena Philis-Tsimikas announced safety/efficacy results from DUAL IX in an oral presentation, and this
late-breaking poster provided more color on the study with patient-reported outcomes. Investigators
measured PROs twice, once at baseline and again after 26 weeks of treatment, using the TRIM-D
questionnaire (Treatment Related Impact Measure for Diabetes). Five domains were evaluated: (i) treatment
burden; (ii) daily life; (iii) diabetes management; (iv) compliance (though we hate that word); and (v)
psychological health. By the end of the study, participants randomized to Novo Nordisk's Xultophy (insulin
degludec/liraglutide fixed-ratio combination) reported a significantly greater improvement in treatment
burden compared to their counterparts randomized to Sanofi's Lantus (insulin glargine) - the estimated
treatment difference was a score of 3.18 (95% CI: 0.12-6.24, p=0.0414). Xultophy was also associated with a
greater jump in the diabetes management domain, with an estimated treatment difference of 7.27 (95% CI:
3.98-10.54, p<0.0001). TRIM-D score overall improved more so with Xultophy than with Lantus (ETD 2.78,
95% CI: 0.83-4.73, p=0.0052), although there was no significant between-group difference in the other
domains. It makes sense to us that Xultophy would perform well on PROs, because it's a much more
convenient product to use compared to Lantus (or any basal insulin monotherapy), offering lower injection
burden and milder side-effects and probably just more glee overall. For instance, there was no change in body
weight in the DUAL IX Xultophy group whereas weight increased ~4.4 lbs in the Lantus group, and we know
that weight effects have a profound influence on patients' treatment satisfaction and quality of life. Notably, in
other clinical trials such as DUAL VII, Xultophy has actually stimulated some weight loss (although a weight
neutral therapy is still an important step above a drug that promotes weight gain). This poster concluded that
Xultophy improves clinical outcomes as well as treatment management outcomes when compared to Lantus.
We're pleased but not particularly surprised to see these results, and we only wish that more real-world
patients were accessing this product, because to-date commercial uptake of fixed-ratio basal/GLP-1 combos
(also Sanofi's Soliqua) has been disappointingly low.

Use of Big-Data Algorithms to Characterize Patients with T2D on Basal Insulin (BI) Who Add a
Glucagon-Like Peptide-1 Receptor Agonist (GLP-1 RA) and Predict Their A1C Response

E Zimmermann, A Lenart, J Diogo, Da Rocha Fernandes, S Eggert, and M Ranthe

The authors of this fascinating Novo Nordisk poster mined large datasets of type 2 patients on basal insulin in
the US, and found that the number one predictor of benefit from adding a GLP-1 agonist - defined as a ≥1%
decrease in A1c - was baseline A1c. Of the 8,731 patients examined in the US IBM Explorys database, only
2,592 (~30%) "responded" to the addition of a GLP-1 agonist. The authors performed a logistic regression
with 23 pre-specified variables followed by a hypothesis-free machine-learning model, finding A1c to be "the
only important variable at baseline for predicting a ≥1% decline in A1c." The first thing we'd say - a 1% A1c
drop is a pretty high bar. Comorbidities, age, BMI, heart failure, co-medications, and "other cardiac disease"
were not significant. Individuals with baseline A1c ≥10% had an ~83% chance of seeing a ≥1% A1c drop (OR:
4.98, 95% CI: 4.16-5.95); those with baseline A1c 9%-<10% had a ~71% chance of seeing a ≥1% A1c drop (OR:
2.48, 95% CI: 2.08-2.96); individuals with baseline A1c 8.5%-<9% had a ~62% chance of seeing a ≥1% A1c
drop (OR: 1.61, 95% CI: 1.33-1.95); and lastly, those with baseline A1cs <7%-<8% all had <33% chance of
response. In light of other GLP-1 data, these results are not entirely unexpected, because higher baseline A1c
implies more room for A1c to fall - and GLP-1 agonists are incredibly potent anti-hyperglycemic agents.
Importantly, the definition of "response" in this study was extremely narrow in our view, discounting other
clinical benefits of GLP-1 agonism. Most notably, GLP-1s offer CV benefit completely independent of glucose-
lowering. Even if chances of a large A1c response are low in individuals with A1c <8%, (i) the CV-protective
effects of these drugs are well-documented; (ii) since they are glycemic-dependent, they could cut back on
hypoglycemia while boosting time-in-range (understandably, CGM was not used in this analysis), and (iii)
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they induce very meaningful weight loss (high-dose liraglutide is even indicated for obesity, branded as
Saxenda). With these other benefits factored in, we're willing to bet that more than 30% of those taking
GLP-1s on top of basal insulin could be classified as responders. Further, these results are from real-world
use, and thus do not come without confounds - that is, what are the characteristics of individuals who are on
basal insulin and have high A1cs? Do they have to ration doses due to coverage/economic concerns? Do they
have providers who are hesitant to increase doses? Are they less likely to use CGM? Are they more likely to
face food insecurity and have less access to safe areas (and time!) for exercise? All of these factors may also
play into the prediction of who will be a responder (when using A1c as a criterion) to the addition of a GLP-1
agonist.

▪ The authors also looked into the people who were most likely to receive GLP-1
agonists on top of basal insulin in the real-world setting (n=80,019 type 2s on basal
insulin who did or did not initiate GLP-1 therapy): length of time on basal insulin (>180
days), taking co-medications, private insurance, age (<75 years), and BMI (>30 kg/m ) were the top2

factors. In the real world, baseline A1c does not appear to be an input in the decision-making
process for providers (8.2% in non-initiators, 8.7% in initiators). Ultimately, in appreciation of
outcomes beyond A1c, we are glad to see that providers are not taking a very A1c-centric view - and
while this poster is interesting and an impressive demonstration of big dataset analysis, we hope
"response" continues to be defined more broadly than "sizable A1c reduction" by both payers and
providers.

Treatment Effects of Once-Weekly Dulaglutide vs. Insulin Glargine in Patients
with Different Baseline Glycemic Patterns (Based on High/Low Fasting or High/
Low Prandial Glucose): A Post-Hoc Analysis of the AWARD-2 Clinical Trial

F Giorgino, M Yu, A Haupt, Z Milicevic, and LE Garcia-Perez

Dr. Francesco Giorgino led this post-hoc analysis of Lilly's AWARD-2 trial (GLP-1 agonist Trulicity vs. basal
insulin Lantus in type 2s), which found that dulaglutide's benefits on glucose and body weight hold across
subsets of patients with different glycemic patterns. Trulicity 1.5 mg (the higher of two available doses)
produced statistically significant reductions in A1c vs. Lantus at one year for each glycemic subgroup: Low
fasting glucose/low postprandial glucose (-0.6% vs. -0.2%, n=183); low fasting glucose/high postprandial
glucose (-0.9% vs. -0.5%, n=57); high fasting glucose/low postprandial glucose (-1.0% vs. 0.5%, n=63); and
high fasting glucose/high postprandial glucose (-1.4% vs. -0.9%, n=201). The poster displayed similar results
for weight loss, always favoring Trulicity, as is to be expected from a potent GLP-1 agonist: Across all four
subgroups, weight loss at one year ranged from ~3.5 lbs to 4 lbs with 1.5 mg Trulicity vs. ~1.5 lbs to 6 lbs
gained with Lantus. We appreciated this additional insight into Trulicity's clinical profile for different kinds of
patients.

DURATION-8 Randomized Controlled Trial 104-Week Results - Once-Weekly
Exenatide (ExQW) plus Once-Daily Dapagliflozin (DAPA) vs. ExQW or DAPA
Alone

S Jabbour, C Guja, E Hardy, S Bhattacharya, P Ohman, J Frias

Two-year DURATION-8 results confirmed findings from 28 weeks and 52 weeks, showing stable benefits to
GLP-1 + SGLT-2 co-administration vs. either treatment alone. According to this poster, 62% of participants
initially enrolled in DURATION-8 (n=695) continued through two years (n=431). The trial randomized
patients with type 2 diabetes and relatively high A1c (baseline 9.3%) to AZ's GLP-1 agonist Bydureon
(exenatide once-weekly), to AZ's SGLT-2 inhibitor Farxiga (dapagliflozin once-daily), or to a combination
regimen of both. A1c declined by a mean 1.7% in the combination arm after 104 weeks vs. -1.3% in the
exenatide only arm (p<0.01) and -1% in the dapagliflozin only arm (p<0.001). It's quite notable from our view
that GLP-1 + SGLT-2 co-administration maintained A1c >1.5% below baseline over two years. The weight loss
results from this 104-week follow-up were interesting: from a baseline ~200 lbs, body weight dropped ~5.5
lbs with Bydureon + Farxiga therapy, falling only ~1.7 lbs with Bydureon alone (p<0.001) and actually falling
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numerically more (-6.6 lbs) with Farxiga alone, though this difference was not statistically significant. If
anything, this speaks to the profound weight loss potential of SGLT-2 therapy, though we remain very excited
about the promise of additive weight loss with GLP-1 + SGLT-2 combinations. As a reminder, in the initial
28-week readout from DURATION-8, weight loss was almost additive in the combo arm (~8 lbs weight loss
with Bydureon + Farxiga vs. ~3.5 lbs with exenatide monotherapy and ~4.8 lbs with dapa monotherapy).

EXSCEL: Once-Weekly Exenatide Reduces Medical Resource Utilization in
Patients with Type 2 Diabetes

SD Reed, Y Li, H Dakin, F Becker, J Leal, SM Gustavson, B Kartman, E Wittbrodt, RJ Mentz, N
Pagidipati, MA Bethel, AM Gray, RR Holman, AF Hernandez

A new healthcare utilization analysis of EXSCEL found that treatment with AZ's GLP-1 agonist Bydureon
(exenatide once-weekly) led to a small but significant reduction in inpatient hospital stays: 7.05 days with
Bydureon vs. 7.46 days with placebo (p=0.048). While the amount of time spent in the hospital was higher for
placebo-treated vs. Bydureon-treated patients, overall rates of hospitalization were nearly equivalent between
the two groups. The mean number of hospitalizations per patient over the course of the EXSCEL trial was also
balanced across groups (0.83 with exenatide vs. 0.84 with placebo). Annual rates of hospitalization ranged
from 0.24 to 0.29 hospitalizations per person-year from year #1 to year #5, and again there was no significant
difference seen between groups. Bydureon-treated patients did have fewer outpatient visits to their usual
diabetes care provider over the course of the study (mean 8.88 visits vs. 9.14 visits with placebo, p=0.048),
though overall outpatient visits to other HCPs were balanced (12.19 visits vs. 11.78 visits, p=0.804). We would
be interested to know how these small reductions in inpatient hospital stays and diabetes-related outpatient
visits translate to potential cost-savings for the healthcare system (or even for the individual patient). Beyond
monetary savings, we imagine there's increased quality of life associated with even a small mean decrease in
time spent in the hospital. Our curiosity is also piqued as to what is driving these reductions in medical
resource utilization with Bydureon: Given the near-significant reduction in risk for three-point MACE
(HR=0.91, 95% CI: 0.83-1.00, p=0.061 for superiority) with Bydureon in EXSCEL, we'd venture a guess that
the lion's share is attributable to a reduction in CV events, though this wasn't specified in the analysis.
Notably, renal outcomes data from EXSCEL was also presented on an ADA poster, and Bydureon narrowly
missed statistical significance for renal protection. Our sense is that like other GLP-1 agonists, weekly
exenatide is a powerful drug that could improve outcomes and quality of life for many people with diabetes,
though the change in medical resource utilization was perhaps underwhelming in this one particular analysis.

Comparative Glycemic Effectiveness of Dulaglutide vs. Liraglutide and Exenatide
QW in a US Real-World Setting

R Mody, Q Huang, M Yu, H Patel, R Zhao, M Grabner, L Lando

This poster displayed real-world data on 2,014 patients initiating one of three GLP-1 agonists, either Lilly's
Trulicity (dulaglutide once-weekly), Novo Nordisk's Victoza (liraglutide once-daily), or AZ's Bydureon
(exenatide once-weekly). After one year, dulaglutide gave a significantly greater A1c drop (-1% from a baseline
8.8%) vs. liraglutide (-0.8% from a baseline 8.7%) when looking at matched pairs of participants (p<0.05).
Glucose-lowering was also significantly better with dulaglutide vs. exenatide (-0.8% from a baseline 8.9%,
p<0.05). Notably, all patients in this study on Bydureon were using the dual-chamber pen, and we wonder
how the results might differ with AZ's new autoinjector called Bydureon BCise. Patient feedback has been very
positive for the IDEO-designed Trulicity autoinjector, and presumably, a more patient-friendly device will
improve adherence and outcomes with Bydureon as well - though this remains to be seen in future data,
whether real-world or from an RCT. This study also examined the effect of patient adherence to their GLP-1
treatments. Unsurprisingly, adherence was associated with significantly greater A1c decline after 12 months:
In the dulaglutide vs. liraglutide cohort, A1c fell by a mean 1.3% among adherent patients (n=315) and by only
0.7% among non-adherent patients (n=270, p<0.001). Our minds immediately jumped to - which of these
products was easiest for patients to adhere to? - but it appears that the proportion of adherent patients was
about constant across all three GLP-1s. Data was gathered from the Healthcare Integrated Research Database.
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Lixisenatide and Renal Outcomes in Patients with Type 2 Diabetes: A Post-Hoc
Analysis of the ELIXA Trial

M Muskiet, L Tonneijck, Y Huang, M Liu, A Saremi, H Lambers Heerspink, D Van Rallte

A post-hoc analysis of Sanofi's ELIXA CVOT revealed renal benefits to GLP-1 agonist Adlyxin (lixisenatide).
Of the 6,068 participants enrolled (all with type 2 diabetes and a recent acute coronary event), 1,056 had
microalbuminuria and 389 had macroalbuminuria. In these cohorts with baseline renal impairment,
treatment with lixisenatide attenuated further changes in UACR (p=0.0505 for microalbuminuria and
p=0.0084 for macroalbuminuria). The poster emphasized that these results were independent of changes in
A1c. Lixisenatide had no significant renal effects for patients with normoalbuminuria at baseline. Our interest
is piqued when it comes to GLP-1 agonists and renal protection, though we think it's unlikely that Sanofi will
take this on for standalone Adlyxin (at WCPD 2018, we heard a hint that Novo Nordisk might pursue a
dedicated kidney outcomes study with semaglutide). After all, the company's main priority for lixisenatide
seems to be the fixed-ratio combination with insulin glargine (Soliqua). Nonetheless, CKD remains an area of
astronomical unmet need, and it would be a major win for patients and providers if the field discovered
independent renal protection with GLP-1 agonists (i.e. renal benefit unrelated to A1c-lowering).

Comparative Cardiovascular Effectiveness of SGLT-2 Inhibitors vs. Liraglutide in
Routine Care

E Patorno, B Everett, S Schneeweiss, R Glynn, J Liu, and S Kim

Now that two classes of diabetes therapy are considered cardioprotective (GLP-1s and SGLT-2s), people are
understandably curious to know how their CV effects differ. This retrospective cohort study found no
significant difference in CV morbidity overall in type 2s treated with Novo Nordisk's Victoza (liraglutide) vs.
SGLT-2 inhibitors, though there was a significantly lower risk of hospitalization for heart failure in the
SGLT-2 group. Following the results from LEADER, EMPA-REG OUTCOME, and CANVAS demonstrating CV
benefits with these agents in an RCT setting, this analysis aimed to compare their effects on CV outcomes in
real-world practice. The researchers followed a cohort of patients with type 2 diabetes from a US commercial
healthcare dataset who initiated treatment with either Victoza (n=22,066) or an SGLT-2 (n=35,272) between
April 2013 and September 2015. They used propensity score matching to create 17,203 pairs of patients with
balanced baseline risk factors. After 30 months, there was no significant difference between the two groups in
the incidence of the primary composite endpoint of MI, stroke, or hospitalization for heart failure (HR = 1.01,
95% CI: 0.76-1.34), nor was there a significant difference for the expanded composite endpoint
(hospitalization for acute MI, unstable angina, ischemic or hemorrhagic stroke, or coronary revascularization)
or for MI or stroke hospitalization individually. Notably, patients taking SGLT-2 inhibitors did face 32% lower
risk for heart failure hospitalization compared to their counterparts on Victoza (HR = 0.68, 95% CI:
0.52-0.88), which falls in line with major CVOT findings - SGLT-2s have shown a distinct and profound heart
failure benefit (enough to spark new outcomes trials investigating their use in chronic heart failure, outside
the context of diabetes) while GLP-1s seem to exert their cardioprotection via anti-atherosclerotic effects.
Results from this analysis were similar among patients with and without a history of CV disease (that is,
secondary and primary prevention populations). This data suggests that there is no clinically meaningful
difference in most of the CV benefits of Victoza vs. SGLT-2 inhibitors, but that the oral agents might be the
preferred option for patients at risk of heart failure, specifically. Of note, we've heard from several thought
leaders that they'd recommend GLP-1s for attacking atherosclerosis and SGLT-2s for addressing heart failure
risk, if it comes down to this choice: Dr. Naveed Sattar endorsed this view at ESC 2017, Dr. Steven Marso
suggested the same at this ADA, and the new ADA/EASD consensus statement for 2018 even makes this
distinction between ischemic events and heart failure for choosing cardioprotective diabetes therapy. All this
said, it's worth pausing to note how wonderful it is that we're even having this discussion - because we have
not one, but two diabetes drug classes that help protect patients from adverse CV outcomes, and nobody
would have dreamed of this even five years ago (before EMPA-REG was the first positive diabetes CVOT to
read out).
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Real-World Comparative Effectiveness, Treatment Patterns, and Costs in Type 2
Diabetes Mellitus (T2DM) Patients Initiated on Canagliflozin 300 mg (CANA) or a
Glucagon-Like Peptide-1 Receptor Agonist (GLP-1)

M Singhal, H Tan, C Coleman, WH Herman, J Cai, M Han, M Ingham

This study found that type 2 diabetes patients initiated on J&J's SGLT-2 inhibitor Invokana (canagliflozin)
had similar A1c values, greater adherence, less discontinuation, and lower treatment costs compared to
patients started on a GLP-1 agonist. This was a retrospective observational study based on administrative
claims and laboratory data from the HealthCore Integrated Research Database, and it compared patients
starting on Invokana (n=755) or a GLP-1 agonist (n=2,146) between April 1, 2013 and February 28, 2016.
After 12 months follow-up, there was no significant difference in A1c change between these two groups,
implying similar glucose-lowering efficacy from Invokana and GLP-1s. Patients on Invokana were less likely to
achieve A1c <7% (27.1% vs. 30.4%), were equally likely to achieve A1c <8% (51.9% vs. 49.7%), and were more
likely to achieve A1c <9% (69.4% vs. 61.9%). A greater proportion of patients were adherent to index
medication over 12 months with Invokana vs. GLP-1s (47.5% vs. 37.5%, p<0.001). In addition, patients
showed a lower likelihood of discontinuing Invokana therapy vs. GLP-1 therapy (49.6% vs. 57.4%, HR=0.78,
95% CI: 0.70-0.99). Regarding medication-related costs, continuous 12-month pharmacy expenses were
$1,421 lower with Invokana vs. GLP-1s. Notably, this follows a similar real-world analysis published in March,
which found that Invokana treatment would save $3,326 per patient per year compared to GLP-1 treatment;
adherence was also markedly better with Invokana vs. GLP-1s in this previous study. What we take from this
set of findings is that adherence is easier with SGLT-2 inhibitors (oral agents) vs. GLP-1 agonists (injectable
agents) - not a surprising conclusion in and of itself, though it's interesting to see how adherence translates
into cost-savings for the patient and for the health system. Without a doubt, both of these therapy classes offer
incredible benefits to patients, and both are vastly under-utilized today. We'll be curious to see how cost and
adherence differences might influence future guideline considerations; of note, the latest ADA/EASD
consensus statement draft recommends both GLP-1s and SGLT-2s for cardioprotection, and differentiates
between a class that's more effective in counteracting atherosclerosis (GLP-1) and one that's more effective in
lowering heart failure risk (SGLT-2).

Corporate Symposium: Multi-Mechanistic, Insulin-Based Approaches for
Achieving A1c/PPG Targets and Optimizing Safety in Challenging Patients
with Type 2 Diabetes (Sponsored by Sanofi)

Physiologic Basis and Practical Rationale for Fixed-Ratio Insulin/GLP-1 Agonist
Combinations

Vivian Fonseca, MD (Tulane University, New Orleans, LA)

Dr. Vivian Fonseca reviewed the rationale for fixed-ratio basal insulin/GLP-1 agonist combinations based on
their complementary mechanisms of action and the inadequacy of the current sequential treatment approach
to type 2 diabetes. He criticized the culture of clinical inertia that leads HCPs to fail to increase insulin doses
and/or add new medications as the disease progresses. He argued that combination therapy with drugs that
target multiple contributors to hyperglycemia is the most effective approach. Basal insulin/GLP-1 agonist
combinations are an attractive option because they target both fasting and postprandial glucose without
increasing the risk of hypoglycemia or causing weight gain, and the availability of fixed-ratio combinations
simplifies medication regimen and decreases injection burden. Dr. Fonseca spoke multiple times about the
merits of the basal/GLP-1 class at ADA 2018, even advocating that FDA change the product labels for Novo
Nordisk's Xultophy (insulin degludec/liraglutide) and Sanofi's Soliqua (insulin glargine/lixisenatide) so that
they can be prescribed as the first injectable in type 2 diabetes care, before insulin or GLP-1 monotherapy.
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Advanced Basal Insulin Options and Improving Outcomes in T2D

Lawrence Blonde, MD (Ochsner Medical Center, New Orleans, LA)

Dr. Lawrence Blonde focused on the benefits of newer basal insulins, specifically Novo Nordisk's Tresiba
(insulin degludec) and Sanofi's Toujeo (insulin glargine U300). He reviewed the BEGIN and SWITCH trials
showing less hypoglycemia with Tresiba vs. Sanofi's first-gen Lantus (insulin glargine) and the EDITION
trials showing less hypoglycemia and weight gain with Toujeo compared to Lantus. He also discussed
DELIVER D+ (presented as poster 1056-P), a retrospective cohort study of EMR data that found a significant
reduction in overall hypoglycemia and hypoglycemia related to inpatient or ED encounters with Toujeo and a
numerical but not significant reduction with Tresiba. Tying this back to the main theme of the corporate
symposium, Dr. Blonde noted that despite improved options in basal insulin, many patients cannot reach
their target A1c with basal insulin alone. He explained that adding a GLP-1 agonist can be a good option when
additional basal titration is not working.

Questions and Answers

Dr. Vivian Fonseca: Both fixed-ratio combinations use U100 insulin. We have U200 degludec
and U300 glargine. Do you think we will see combinations with these in the future? Should we
be pushing for that?

Dr. Juan Frias: For IDegLira, degludec U100 and U200 have the same PK/PD profile, so it's a non-issue. The
question is about U300 glargine because it does have a different profile. My understanding is that with this
clinical development, the timing wasn't right. To my knowledge it's not in development. I honestly don't
know, but the data looks very good with glargine U100, so it is what it is.

Dr. Blonde: The data shows that the biggest difference between U300 and U100 glargine is a modest
reduction in hypoglycemia. Here we're adding a GLP-1 agonist to U100 insulin and it mitigates hypoglycemia
and shows significant improvements in A1c vs. U100 alone.

Dr. Pablo Mora: Real-world studies can't control for everything completely. They can only attribute
hypoglycemia to basal insulin, but you have to account for other risk factors like being elderly or having
sulfonylureas on board.

Q: Would this patient Emmanuel [one of the case studies] be sent for a medical nutrition
therapy consult?

Dr. Frias: Yes.

Dr. Fonseca: I send everyone to a nutritionist because I know so little about diet.

Q: What is the upper age limit for GLP-1 agonists?

Dr. Blonde: To me, age is less important than its accompaniments. I think age itself is not particularly serious;
it's whether you have comorbidities that might be an issue. I don't have a specific age limit.

Dr. Mora: For example, liraglutide has been studied in people 65, 75 and older and been found to be safe.

Dr. Fonseca: I've developed a dislike for studies that call 65 elderly. It's frailty, ability to inject, and renal
insufficiency that are important.

Q: Do you use GLP-1 agonists in patients already on basal-bolus insulin?

Dr. Mora: Yes, there are even guidelines saying that it's a far better choice to add a GLP-1 agonist to basal
insulin than to add prandial insulin. We do add it for patients on basal-bolus therapy. That's one way we
"rescue" accumulated insulin. Very commonly, patients tend to be able to reduce their prandial and basal
insulin.

Dr. Blonde: I've taken people on basal-bolus insulin and added a GLP-1 agonist and they were able to reduce
their insulin.
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Dr. Fonseca: I do a lot of this at the VA. For patients on basal-bolus who are poorly controlled, I add a weekly
GLP-1 agonist. They're already doing 28 injections a week, so I don't want to add a fifth every day. I cut down
their dose of prandial insulin. They lose lots of weight and many come off the prandial insulin; some remain
on it.

Dr. Blonde: We may be able to do some switching to the co-formulation.

Dr. Fonseca: Some people may be on too high of an insulin dose

Dr. Frias: 28 shots a week is pretty bad.

Q: Do you add GLP-1 agonists to U500 insulin?

Dr. Fonseca: I don't have many patients on U500 insulin. There's no reason not to.

Dr. Mora: Five years ago I used to have far more patients who appeared to require U500 insulin. Maybe it's
just a perception, but the introduction of GLP-1 agonists and SGLT-2 inhibitors kind of forced us not to
require concentrated insulin as often.

Q: Would you use Soliqua twice a day because of its short half-life?

Dr. Mora: There was always a concern that if you were to give lixisenatide alone, you would need to give it
more than once a day. Based on the LixiLan-O trial, there was as much effect with the fixed-ratio combination
given in the morning.

Dr. Frias: With lixisenatide, it didn't make much difference to give it twice a day and there were more side-
effects.

Q: How do you predict responders to this combination?

Dr. Fonseca: Not everyone responds to GLP-1 agonists. Everyone responds here because you have insulin.

Dr. Frias: With any medication, when you look at a clinical trial the results are the average values. That means
half do worse and half do better. At the end of the day, there are probably some characteristics that predict
response, but in my practice it's hard to predict. Try something and monitor the patient. If it's not working,
change it.

Dr. Fonseca: They're looking at glycated albumin as a biomarker for glucose control. That should be approved
by the end of the year. Otherwise you're waiting for the A1c in three months; here we'll get an answer in two
weeks.

Dr. Mora: My observation is that patients on GLP-1 agonists tend to fall into three categories. There are some
people who are extremely sensitive, who start gagging when you put the pen in front of them. There's another
group that's mildly sensitive that tends to do well. There's also a group that's very resistant, that need higher
doses. There is some concept of resistance to GLP-1 agonists.

Q: I had a patient on Lantus on Humalog, 150 U/day, who switched to Xultophy 50 U once a
day. Their A1c dropped from 9% to 7.2% and they had a fair amount of weight loss. How did
that happen?

Dr. Blonde: They switched to a much simpler regimen.

Dr. Fonseca: It's the simplicity. The patient probably wasn't taking all four injections. I've had patients on
those doses switch and have great responses. It spares lots of insulin.

Q: Why does insurance approve Xultophy and Victoza but not Saxenda?

Dr. Fonseca: Getting approval for weight loss is much more challenging. The maximum dose of liraglutide for
glucose lowering is 1.8 mg. With Saxenda you get more weight loss but you don't get more glycemic response.

Dr. Mora: They're looking into whether there's the same progression with semaglutide and dulaglutide.

Q: When would you choose semaglutide instead of a fixed-ratio combination? When you need
to lose lots of weight?
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Dr. Frias: That's a good question. That could be a nice study to do, looking at the free combination with
semaglutide vs. a fixed-ratio combination. Lots of the time it's a matter of insurance coverage and
convenience.

Dr. Blonde: It's classic shared decision-making - here are the options, do you have a preference? (Editor's note
- assuming that their payer is flexible)

Dr. Frias: There were patients in both trials who reached the maximum dose. Most achieved their goal but
some did not. There are situations where you start one of the combinations and reach the maximum dose and
the patient is not under control. Then you can split the difference: keep titrating the insulin and use a GLP-1
agonist separately.

Dr. Mora: In terms of weight loss, there hasn't been a head-to-head study. Once you achieve glycemic control,
you have increased weight reduction at the full dose of semaglutide.

Q: Are these combinations safe in patients with CKD?

Dr. Frias: They haven't been studied much in patients with a GFR <30. GLP-1 agonists don't have a negative
effect on the kidney, but if you have dysfunction you can get dehydrated and prerenal and have a problem.

Dr. Fonseca: There were a fair number of people on liraglutide in LEADER with CKD and they actually did
very well.

Dr. Frias: I would be cautious with it, especially with a GFR <30.

Q: How does the price stack up?

Dr. Frias: I'm not sure. I would talk to a rep. There are usually good programs companies have for patient
assistance. If the patient has insurance, there's the advantage of having one copay instead of two. Right now
there are programs to assist with copays. I don't know what the exact price is.

Q: How come insulin levels go down with short-acting GLP-1 agonists and up with long-acting
ones?

Dr. Mora: Since you decrease gastric emptying, you don't need as much insulin secretion. It's not necessarily
an effect of decreased insulin action, there's just less needed.

Q: Are oral GLP-1 agonists coming? Will anyone use injectables after that?

Dr. Frias: We'll see the data. It's looking good for oral semaglutide.

Dr. Blonde: No single medication is perfect for everyone. This is a great thing compared to when I started,
when we were lucky to get two or three blood sugars a year and only had animal insulins and sulfonylureas.
Now we have a plethora of agents that provide lots of options.

Dr. Fonseca: Until then, we have this and it's very effective.

Corporate Symposium: Pointed Discussions - Clinical Conversations about
Reducing CV Risks in Patients with Type 2 Diabetes Using Newer Options in
Injectable Anti-Hyperglycemic Therapy (Sponsored by Novo Nordisk)

Treating Patients with T2D and High CV Risk with New and Existing Options in
Injectable Anti-Hyperglycemic Therapy

Steven Marso, MD (HCA Midwest Health, Kansas City, KS)

Dr. Steven Marso advocated for GLP-1 agonists to address CV risk in patients with diabetes, and as this was
an unbranded corporate symposium, he spoke to the benefits of all products in the class (not just Novo
Nordisk's Ozempic or Victoza). In fact, Dr. Marso suggested that he believes in a cardioprotective class effect
for GLP-1s. As he put it, "EXSCEL was neutral if you're a purist, but if you're a pragmatist, it was more similar
than different to LEADER." We've heard similar commentary from several thought leaders (e.g. at WCTC

www.closeconcerns.com 84

https://www.closeconcerns.com/knowledgebase/r/96b8ad1c#Symposium:_Exenatide_Study_of_Cardiovascular_Event_Lowering_EXSCEL:_Primary_Results
https://www.closeconcerns.com/knowledgebase/r/158c3f9e#Dr._DeFronzo_Highlights_EMPA-REG_CANVAS_EXSCEL_FOURIER_as_High-Impact_Clinical_Trials_Discusses_Likely_CV_Class_Effect_for_GLP-1_Agonists_Argues_in_Favor_of_Low-Dose_Pioglitazone_Despite_Poten


2017, Dr. Ralph DeFronzo called EXSCEL "probably positive," and many have attributed the near-miss for
statistically significant superiority to pragmatic trial design). A meta-analysis of GLP-1 CVOTs presented at
IDF found class effects on three-point MACE, CV death, and all-cause death - see these results published
online in the Lancet Diabetes & Endocrinology. Continuing his talk, Dr. Marso addressed the criticism that
diabetes CVOTs have been enriched with a high-risk patient population, limiting their generalizability.
Indeed, the study population in EXSCEL was "less sick" at baseline compared to the population in LEADER
(for Victoza) or SUSTAIN 6 (for Ozempic), and this is one possible reason for diverging results (neutral in the
case of EXSCEL vs. positive for LEADER and SUSTAIN 6). According to Dr. Marso, 47% of real-world type 2
diabetes patients in the US would qualify for participation in EXSCEL, 13% would qualify for LEADER, 12%
for SUSTAIN 6, and 6% for ELIXA (for Sanofi's Adlyxin). He underscored that >60% of real-world type 2s
would be eligible for at least one of these trials. "Is this relevant to people you see in your clinic? The short
answer is yes."

▪ Dr. Marso also briefly touched on the correlation between hypoglycemia and MACE
events. He pointed to one paper published last month in Diabetes Care which outlined the
relationship between hypoglycemia and CV events in LEADER; Dr. Bernard Zinman presented these
findings at ADA 2017, highlighting a six-fold increased risk for MACE in the seven days following an
episode of severe hypoglycemia (HR=7.3, 95% CI: 1.8-29, p<0.05). This LEADER post-hoc
illustrated that hypoglycemia is an independent CV risk factor (it did not interfere with liraglutide's
demonstrated CV benefits). We also saw post-hoc analyses of DEVOTE (for Novo Nordisk's basal
insulin Tresiba) at EASD 2017 linking glycemic variability and CV risk.

SGLT Inhibitors

Oral Presentations: SGLT2 Inhibitors - From Mechanisms to Clinical Trials

Canagliflozin and Cardiovascular (CV) Outcomes in Patients with Chronic Kidney
Disease

Dick de Zeeuw, MD (University of Groningen, Netherlands)

A positive CANVAS post-hoc indicated that J&J's SGLT-2 Invokana (canagliflozin) has similar CV and renal
benefits regardless of a patient's renal function at baseline, despite a smaller mean A1c reduction at lower
eGFR. Dr. Dick de Zeeuw presented this analysis (n=10,142), which was simultaneously published in
Circulation. He highlighted a lack of heterogeneity on CANVAS' primary three-point MACE outcome (p=0.33)
across four groups divided by baseline eGFR: <45 ml/min/1.73 m (n=554, 6% of participants), 45-<60 ml/2

min/1.73 m (n=1,485, 15%), 60-<90 ml/min/1.73 m (n=5,625, 56%), and ≥90 ml/min/1.73 m (n=2,476,222

24%); ~21% of the CANVAS population had stage 3a or 3b CKD at baseline. In a primary endpoint analysis
split at an eGFR of 60 ml/min/1.73 m (i.e. CKD vs. no CKD), the interaction with three-point MACE was also2

non-significant (p=0.08). Interestingly, hazard ratios trended more positively in favor canagliflozin at lower
eGFR, though CANVAS was not powered to detect differences within or between these groups. That said, we
wouldn't be surprised if patients who are "more sick" overall garner slightly more benefit from the
cardioprotection associated with SGLT-2 inhibitors, simply because there's more room for risk reduction.
And, we're seeing increasing emphasis in the diabetes field on how renal function is an independent risk
factor for CV morbidity.
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▪ Looking at components of the primary endpoint, no heterogeneity based on renal
function was found for CV death (p=0.53 for both analyses) or MI (p=0.04 by CKD/no
CKD and p=0.08 by CKD stage). The interaction with stroke was significant (p=0.01 for both),
but (i) we know stroke events are relatively uncommon, reducing the power of this analysis and (ii)
Dr. de Zeeuw noted that patients with worse renal function still trended toward benefitting more; he
called this "possible heterogeneity." There was no interaction on hospitalization for heart failure
(p=0.20 for CKD/no CKD and p=0.62 by CKD stage) or the composite renal endpoint (p=0.28 for
CKD/no CKD and p=0.59 by CKD stage). All of these results support that the benefits of Invokana
on CV/renal outcomes are not blunted by reductions in renal function, nor are they driven by a
particular subgroup of renal function. Furthermore, interaction p-values suggested no imbalance on
key safety endpoints by CKD stage, including amputations (p=0.51), fractures (p=0.87), overall
serious adverse events (p=0.30), adverse events leading to discontinuation (p=0.44), serious acute
kidney injury (p=0.74), serious hyperkalemia (p=0.24), and serious renal-related adverse events
(p=0.85). Results were consistent despite notable differences in baseline characteristics across CKD
stages, including on baseline CV disease (73% in lowest eGFR group vs. 62% in highest eGFR
group), albuminuria (56% vs. 25%), duration of diabetes (17 vs. 12 years), and age (69 vs. 59 years).

▪ These results highlighted the attenuation of glucose-lowering efficacy from Invokana
in people with reduced renal function. From a 0.76% placebo-adjusted A1c drop in the ≥90
ml/min/1.73 m group over the course of CANVAS, A1c-lowering efficacy was more than halved in2

the <45 ml/min/1.73 m group to -0.35% (p<0.0001 for comparison). Placebo-adjusted A1c2

reductions were 0.45% and 0.57% in the middle two eGFR groups, indicating a direct and
progressive relationship between eGFR and A1c reduction. This finding is more or less in line with
what'd we expect: Given the mechanism of action of SGLT-2 inhibitors, glucose-lowering is less
substantial in people with kidney dysfunction. Since Invokana is a partial SGLT-1 inhibitor, we
wonder if glycemic efficacy is preserved more at lower eGFR compared to Jardiance (empagliflozin),
Farxiga (dapagliflozin), or Steglatro (ertugliflozin). In any case, it's positive that canagliflozin
continues to protect against adverse CV outcomes despite less glucose-lowering - this reaffirms that
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the CV benefit in CANVAS was not driven by changes in A1c (but rather, is inherent to the molecule),
and it raises exciting possibilities about SGLT-2 as CV or renal medicine independent of diabetes.

◦ FDA currently recommends against using Invokana in patients with an eGFR
below 45 ml/min/1.73 m (only the lower 100 mg dose is recommended below2

60 ml/min/1.73 m ).2 Farxiga and Steglatro are not recommended in those with eGFR
<60 ml/min/1.73 m , nor is Jardiance below 45 ml/min/1.73 m . Importantly, these22

recommendations have everything to do with declining glycemic efficacy, rather than a
particular safety signal, but thought leaders have expressed hope that SGLT-2 inhibitors
could still be used below these thresholds specifically for CV/renal protection (again,
thinking about hard outcomes independent of A1c). At ESC 2017, for instance, Dr. David
Fitchett postulated that diabetes patients with eGFR <60 ml/min/1.73m2 may actually
stand to benefit the most from treatment with an SGLT-2 inhibitor, in terms of CV and
renal outcomes.

▪ These results bode well for J&J's CREDENCE trial, which has a composite primary
endpoint of end-stage renal disease, doubling of serum creatinine, and renal or CV
death and has enrolled patients with type 2 diabetes and an eGFR ≥30 to <90 ml/min/
1.73 m (expected to complete in June 2019).2 In CANVAS, canagliflozin was associated with
an impressive 40% relative risk reduction (HR=0.60, 95% CI: 0.47-0.77) for the renal composite
endpoint of 40% reduction in eGFR, end-stage renal disease, or renal death; combined with other
positive renal results, this effect pointed to the possibility of significant renal protection with
Invokana. It's hard to overstate the potential implications here: Kidney disease (particularly end-
stage) remains a tremendous area of unmet need in diabetes, and there's an enormously high cost to
both patients and the health system associated with dialysis. HCPs lack any tools beyond intensive
glycemic and blood pressure control to stem progression of kidney disease, making SGLT-2s and
also GLP-1s all the more exciting. CANVAS even saw a 70% increase in regression of albuminuria
with canagliflozin vs. placebo (HR=1.70, 95% CI: 1.51-1.91), indicating that the drug might even
improve renal function. To this end, Lilly/BI are also investigating Jardiance (empagliflozin) in the
upcoming EMPA-KIDNEY trial and AZ has initiated the Dapa-CKD trial for Farxiga (dapagliflozin),
expected to complete in November 2020.

◦ For reference, CANVAS enrolled patients with an eGFR ≥30 ml/min/1.73 m2

(i.e. through stage 3 CKD); ~25% of participants had an eGFR too high to
qualify for CREDENCE. Thus, CREDENCE's population will, overall, be less healthy
from a renal function perspective. The aim of CREDENCE is to show an impact on renal
outcomes; a key secondary endpoint includes CV death and hospitalization for heart failure
which, J&J has previously explained to us, is the company's reason for not initiating a
second heart failure trial (as Lilly/BI and AZ have done).

▪ Directly following Dr. de Zeeuw, Dr. Priscilla Hollander reviewed a safety analysis
comparing the CANVAS program (n=10,142) to the pooled phase 3/4 program
(n=8,114) for Invokana. She emphasized that canagliflozin's amputation signal was only seen in
the CANVAS program (HR=1.97, 95% CI: 1.42-2.75), with similar signals in CANVAS (HR=2.12,
95% CI: 1.34-3.38) and CANVAS-R (HR=1.80, 95% CI: 1.10-2.93). There were far fewer events in the
pooled program, and canagliflozin was associated with a 77% reduction in amputations with a wide
confidence interval (HR=0.23, 95% CI: 0.06-0.89). These results reinforce our understanding that
baseline factors have a very strong effect on amputation risk in general and with canagliflozin - that
is, the signal is predominantly seen in patients who are high-risk for amputations to begin with (see
our ADA coverage of the real-world OBSERVE-4D analysis for more on this dynamic). To be clear,
the sum of data suggests that Invokana itself also heightens risk for lower limb amputations, but this
might not be concerning in real-world practice unless a patient exhibits other risk factors as well.
Notable baseline differences in CANVAS vs. phase 3/4 trials include prevalence of hypertension
(90% vs. 65%), history of heart failure (14% vs. 3%), history of CV disease (66% vs. 7%), and history
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of amputation (2% vs. 0.1%), as well as duration of diabetes (14 vs. 8 years) - indeed, a sicker group
overall.

Dapagliflozin + Saxagliptin Shows Non-Inferior A1C Reduction vs. Insulin
Glargine in Patients with Type 2 Diabetes Inadequately Controlled by Metformin
With or Without Sulfonylurea

Serge Jabbour, MD (Thomas Jefferson University, Philadelphia, PA)

Two back-to-back oral presentations highlighted Qtern's (dapagliflozin/saxagliptin) efficacy vs. two powerful
glucose-lowering agents - insulin glargine and SU glimepiride. Dr. Serge Jabbour presented the insulin
glargine study and Dr. Juan Frias presented the glimepiride one, both talks centering around a common
theme: While insulin and sulfonylureas offer relatively quick/steep A1c reductions, they also confer significant
risk for hypoglycemia and weight gain. As such, a goal in diabetes drug development has been creating
products that can match this glycemic efficacy with a much stronger safety profile, and it seems like AZ's
Qtern (among other fixed-dose SGLT-2/DPP-4 combos) might be one such drug. Dr. Jabbour took the stage
first: This study randomized 650 patients with type 2 diabetes to the 10 mg dapa/5 mg saxa combination or to
insulin glargine (Sanofi's Lantus) for 24 weeks. The trial met its primary endpoint by showing non-inferior
A1c reductions with Qtern (-1.7% from baseline 9.0%) vs. insulin glargine (-1.5% from baseline 9.1%,
p=0.118). Body weight fell by a mean ~3 lbs (baseline ~198 lbs) among patients taking the combination and
rose ~5 lbs in the insulin glargine arm, leading to an estimated treatment difference of ~8 lbs (p<0.001).
Hypoglycemia was significantly less common in the Qtern arm vs. the glargine arm (p<0.001), with 21% and
38% of patients respectively having a confirmed hypo event. There were zero episodes of severe hypoglycemia
in the Qtern arm vs. three in the glargine arm.

▪ Dr. Jabbour especially emphasized data on the composite endpoint of A1c <7%
without weight gain or hypoglycemia, which fit with the theme of these oral
presentations - achieving similar glucose control without the undesirable effects of
insulin therapy (or sulfonylureas). He reported that 17% of people taking saxa/dapa achieved
this composite outcome vs. only 3% of patients on insulin glargine (p<0.001). A similar proportion
of each group reached A1c <7% (33% vs. 34%), but arguably the most notable finding from this study
was Qtern's substantial and significant benefit on hypoglycemia and weight loss.

▪ Professional CGM was used to assess changes in 24-hour glucose and time-in-range.
After two weeks of treatment, mean 24-hour glucose had dropped 49 mg/dl in the Qtern arm vs. -29
mg/dl in the Lantus arm (p<0.0001). This difference lost statistical significance at week 24 (-49 mg/
dl vs. -44 mg/dl, p=0.1984), primarily because of continued decline in the basal insulin arm. This
makes sense, given that more patients were titrated to their optimal basal insulin dose by the end of
the study vs. two weeks in. Dr. Jabbour framed the two-week CGM results by highlighting a real-
world misconception among patients/HCPs: that insulin is the most efficient in lowering blood
glucose. On the contrary, 24-hour glucose was more swiftly decreased with fixed-dose saxa/dapa,
which is easy to prescribe and easy to take (no titration needed!). Dr. Jabbour continued by
discussing time-in-range, which improved 34% in the Qtern group and improved 29% in the insulin
glargine group from baseline to study end (p=0.0327). He concluded by once again underscoring
Qtern's glycemic efficacy and very mild side-effects, and he shared that a trial extension (another 28
weeks) is ongoing.

▪ During Q&A, Dr. Priscilla Hollander raised an interesting point about guidelines. ADA
currently recommends insulin or an injectable combination therapy for patients with
A1c >10%, but could oral SGLT-2/DPP-4 combos have a role to play here? Dr. Jabbour
explained how this study enrolled patients with an A1c up to 12%, suggesting that Qtern would be a
safe option in type 2s with very high A1c. Whether it would be better than insulin or a fixed-ratio
basal insulin/GLP-1 combination for this patient population is still an open question. And of course,
the average baseline A1c in this trial was below 10% (~9%).
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Dapagliflozin + Saxagliptin Add-On vs. Glimepiride Add-On to Metformin in
Patients with Poorly Controlled Type 2 Diabetes

Juan Frias, MD (National Research Institute, Los Angeles, CA)

Next, Dr. Frias presented findings from a 52-week trial (n=443) of Qtern vs. glimepiride added onto
metformin. From a baseline 8.4%, A1c fell 1.4% with the combination therapy, and from a baseline 8.5%, A1c
fell 1% with the sulfonylurea (p=0.001). Dr. Frias showed on a graph how A1c was similar in both groups
through week 16, but then rose slightly in the glimepiride arm, which points to the attenuated efficacy seen
with sulfonylureas over time (due to beta cell burnout). Weight dropped ~7 lbs with Qtern and climbed ~2 lbs
with glimepiride after one year (baseline body weight ~196 lbs, p=0.001). Again, weight gain is a known side-
effect of sulfonylurea treatment, while weight loss has been well-documented for SGLT-2 inhibitors and their
combinations. Systolic blood pressure decreased slightly in the Qtern arm (-3 mmHg) and increased slightly
in the glimepiride arm (+1 mmHg) from a baseline of ~131 mmHg (p=0.007). Hypoglycemia was observed in
19% of people taking Qtern and in 42% of people taking glimepiride; severe hypoglycemia was observed in no
Qtern patients and in two glimepiride patients (1%). Hypoglycemia is the third major side-effect of
sulfonylureas, alongside weight gain and beta cell burnout, and we also note some uncertainty around CV
harm. In our view, this drug class is truly subpar and we wish SUs weren't the most common second-line
prescription for type 2 diabetes around the world, but we also understand that their generic status/low cost
makes them the only affordable option for many patients. We sincerely hope that payers heed the results
showing superior safety/efficacy to other diabetes therapies, including SGLT-2/DPP-4, and that they improve
reimbursement for treatments that will be cost-saving in the long run.

▪ Like Dr. Jabbour, Dr. Frias also paused on data showing Qtern's superiority on the
composite endpoint of A1c <7% without weight gain or hypoglycemia: 30% of
participants in the saxa/dapa arm achieved this outcome vs. only 7% of participants on glimepiride
(p<0.001). Moreover, 35% of people taking Qtern reached A1c <7% without hypoglycemia after one
year, compared to 15% of people taking glimepiride (p<0.001). Dr. Frias stressed the clinical
relevance of these composite outcomes, and these findings left us all the more convinced that Qtern
should be better utilized in diabetes care.

▪ Treatment-related adverse events were more common with Qtern vs. glimepiride, and
Dr. Frias attributed this mostly to urinary and genital infections.

▪ We were fortunate to speak with AZ's Mr. Rod Wooten (VP of CV and Metabolic
Disease) and Dr. Jim McDermott (VP of US Medical Affairs for Diabetes) earlier at
ADA, and they expressed excitement about this Qtern data. Uptake of this fixed-dose
combination product has been sluggish so far, since FDA approval in 1Q17, which matches sales
trends of this SGLT-2/DPP-4 class overall (also featuring Lilly/BI's Glyxambi and Merck/Pfizer's
Steglujan). It was thus reassuring to hear directly from AZ management that the company remains
very committed to Qtern and to getting this therapy into more patient hands. To be sure,
combination therapy is clearly under-prescribed by diabetes care providers in relation to the vast
numbers of patients who could benefit from it, and Mr. Wooten described how HCPs in the US still
prefer single agents to fixed-dose (or fixed-ratio) combinations. But there are distinct advantages to
a fixed-dose product; beyond clinical benefits, this single pill can improve adherence vs. two
separate pills, and in general it introduces more convenience and simplicity to a patient's diabetes
management. We're keeping our fingers crossed that Qtern can gain more traction on the market in
the near-future.

ADA Presidents' Select Abstract: Mechanism by Which Dapagliflozin Induces
Euglycemic Ketoacidosis in Rats

Rachel Perry, PhD (Yale University, New Haven, CT)

Yale's Dr. Rachel Perry presented this select abstract suggesting that SGLT-2 inhibitor induced DKA requires
the confluence of two events - reduced insulin level + volume depletion. Dr. Perry's work investigates the
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mechanism of increased DKA risk due to SGLT-2 inhibitor treatment, and her team has found that
dapagliflozin (AZ's Farxiga) causes plasma volume depletion and induces a cascade of increases in
glucocorticoids and catecholamines that stimulate lipolysis, ketogeneis, and eventually euglycemic
ketoacidosis. Treatment of Sprague-Dawley rats with dapagliflozin increased the rate of hepatic ketogenesis
vs. treatment with placebo (35 μmol/kg-min vs. 136 μmol/kg-min, p<0.0001). This led to volume depletion
which sparked a rise in plasma catecholamine (epinephrine 0.5 nM vs. 7.3 nM, p<0.001; norepinephrine 2.5
nM vs. 19.8 nM, p<0.01) and elevated corticosterone (115 ng/ml vs. 233 ng/ml, p<0.01) relative to placebo.
Dr. Perry described how these effects occurred simultaneously with a dapagliflozin-mediated reduction in
insulin levels (p=0.004), culminating in DKA. We are intrigued by this insight into DKA physiology, as this
safety issue remains a significant concern when it comes to the otherwise extremely promising class of SGLT
inhibitors for type 1 diabetes. We wonder if increased emphasis on sustaining fluid levels can help to reduce
DKA events related to SGLT therapy. To be sure, hydration was repeatedly recommended by thought leaders
at the ATTD consensus conference on DKA risk management for type 1s taking an SGLT inhibitor.

▪ Dr. Perry emphasized that volume depletion is necessary but not sufficient in order
for a DKA episode to occur. In her investigations, rodents treated with dapagliflozin show
significant (p<0.01) increases in corticosterone, epinephrine, and norepinephrine levels along with
significant (p<0.001) increases in fatty acid turnover, hepatic acetyl coA levels, and endogenous
glucose production. However, these increases in markers of steroid production, lipolysis, and
gluceoneogenesis were dependent on the volume depletion effect of dapagliflozin. When rodents
were treated with both dapagliflozin and saline injections, these levels decreased to those of the
control group. Thus, Dr. Perry concluded that volume depletion is necessary for DKA to occur, but
she went on to explain why volume depletion on its own is not sufficient to provoke ketosis. When
treated with the diuretic furosemide, plasma beta-hydroxybutyrate concentrations and turnover
rates did not significantly change from control, indicating the failure to induce ketosis with this
intervention. Conversely, these measures were significantly different upon treatment with
dapagliflozin. Drawing on these observations, Dr. Perry underscored that an insulin-lowering effect
is needed in conjunction with volume depletion to cause a DKA event. In line with this, thought
leaders have stressed that treating DKA requires both glucose and insulin (as counterintuitive as this
may feel for patients, caregivers, ER staff, etc.).

▪ Could the volume depletion effects of SGLT inhibitors be a target for the prevention of
SGLT-related DKA? Dr. Perry raised this intriguing possibility. Seeing as volume depletion was
necessary to cause DKA, she proposed this as a potential action point to minimize DKA risk.
Although she didn't go into specifics, we're definitely interested in this idea, and we'd note that any
intervention would ideally preserve all the benefits to SGLT therapy while mitigating DKA risk.

Oral Presentations: Hypoglycemia - Reducing the Risk

Effect of Combination Therapy with Liraglutide Plus Canagliflozin on HGP and
A1c vs. Each Therapy Alone in T2D

Muhammad Abdul-Ghani, MD (University of Texas Health Science Center, San Antonio, TX)

Dr. Muhammad Abdul-Ghani discussed a small study (n=45) investigating one of our favorite potential
combination therapies: GLP-1 + SGLT-2. Patients with type 2 diabetes were randomized to the higher dose of
Novo Nordisk's Victoza (liraglutide 1.8 mg), to the higher dose of J&J's Invokana (canagliflozin 300 mg), or to
a combination of both. After four months of treatment, combo therapy conferred more than additive weight
loss - this was remarkable to see. Body weight fell ~8 lbs from a baseline ~216 lbs in the canagliflozin group,
fell ~4 lbs from a baseline ~213 lbs in the liraglutide group, and fell ~14 lbs (!) from a baseline ~217 lbs with
both GLP-1 and SGLT-2 together. (If weight loss was exactly additive, we'd expect to see a ~12 lbs reduction in
the combo group.) A1c reductions were less than additive, but were still greater with the combination (-1.9%)
vs. either monotherapy (-1.1% with canagliflozin, -1.6% with liraglutide). Baseline A1c was ~8.2%. Notably,
these weight loss and A1c results match findings from DURATION-8 (n=695), AZ's larger clinical trial
evaluating Bydureon (exenatide) + Farxiga (dapagliflozin) co-administration. After seven months in
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DURATION-8, weight loss in the combination therapy arm (~8 lbs) was the sum of mean weight loss with
standalone GLP-1 (~3 lbs) + standalone SGLT-2 (~5 lbs). Meanwhile, the effect on A1c was less than additive
but was still statistically superior. Mean A1c drop was 2% in the combo arm, 1.6% in the exenatide arm, and
1.4% in the dapagliflozin arm, all from a baseline of 9.3%. So, it seems that co-administration of a GLP-1
agonist and an SGLT-2 inhibitor could be a very effective intervention for patients in need of additional
weight loss (and of course, the majority of patients with type 2 diabetes are looking to lose weight), even if the
extra glycemic improvement is more marginal. We can see how the synergy of these agents confers at least
additive weight loss, with the GLP-1 suppressing appetite and slowing gastric emptying while the SGLT-2
dramatically increases glycosuria. We're curious about the potential for additive CV benefit as well, because by
the same mechanistic logic, GLP-1 therapy could address atherosclerosis while SGLT-2 treatment protects
against heart failure. The CV efficacy of GLP-1 + SGLT-2 co-administration has yet to be investigated in a
rigorous RCT, but we're certainly keen to see that study, and in the meantime, it's reassuring to know that
combination therapy across these drug classes is safe. ADA/EASD's new draft consensus statement
recommends prescribing GLP-1 alongside an SGLT-2 for certain patients who can access/afford it, and we'd
love to see these advanced products reach more patient hands, as real-world use is upsettingly low right now.
According to a Diabetes Care article published last Fall, only 7% and 4% of US adults with type 2 diabetes
have ever been prescribed a GLP-1 agonist or an SGLT-2 inhibitor, respectively.

▪ Dr. Abdul-Ghani also spoke to the differential effects of GLP-1 and SGLT-2 on
glucagon response. More specifically, GLP-1 agonists are known to inhibit glucagon secretion,
while SGLT-2 inhibitors raise plasma glucagon concentration - Dr. John Buse has shared a word of
caution around these opposing effects, although he co-chaired the ADA/EASD consensus writing
committee that recommends this particular combination for patients above A1c target at high CV
risk. In Dr. Abdul-Ghani's 45-person trial, canagliflozin monotherapy increased hepatic glucagon
production and thereby increased glucagon levels in the blood, as expected. Liraglutide
monotherapy caused a small decrease in hepatic glucagon production and in plasma glucagon
concentration. The glucagon response with canagliflozin + liraglutide together was somewhat
surprising: Hepatic glucagon production rose ~15%, but there was no corresponding rise in plasma
glucagon levels. Dr. Abdul-Ghani explained that there must be other mechanisms at play; our
interest is piqued, and we hope to learn much more about glucagon response with GLP-1 vs. SGLT-2
vs. their combination going forward.

Select Questions and Answers

Professor Kamlesh Khunti (Leicester Diabetes Center, UK): In clinical practice, we wouldn't
usually use these two simultaneously, so can you comment on what you expect the benefits to
be when GLP-1 and SGLT-2 are prescribed sequentially, in either order?

Dr. Abdul-Ghani: I'd be surprised if there were any major differences with sequential prescription. As you see
here, this combination might be disappointing in terms of A1c reduction, however in terms of weight loss, it's
a very attractive combination especially for people with obesity. As for the glucagon response when you
prescribe these sequentially, it's difficult to speculate, because we have no data. I expect that giving an SGLT-2
on top of a GLP-1 would result in a small increase in glucagon. From this data, it seems that the decrease in
glucagon is not that much of an important player.

Oral Presentations: Prediction and Prevention of Cardiovascular Risk

SGLT-2 Inhibitors and Stroke Risk in Patients with Type 2 Diabetes - A Systematic
Review and Meta-Analysis

Man Guo, MD (Southwest Medical University, Luzhou, China)

SGLT-2 inhibitors as a class do not increase the risk of stroke, according to this meta-analysis from China's
Southwest Medical University. Researchers mined data from 32 SGLT-2 inhibitor trials encompassing 75,540
participants and the three leading SGLT-2 products: canagliflozin (J&J's Invokana), dapagliflozin (AZ's
Farxiga), and empagliflozin (Lilly/BI's Jardiance). Compared to placebo, there was no significant increase in
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the incidence of stroke for participants on an SGLT-2 inhibitor as monotherapy (RR=1.01, 95%: CI 0.93-1.10,
p=0.972) or as a component of combination therapy (RR=1.0, 95% CI: 0.92-1.09, p=0.846). Furthermore,
there was no increase in stroke risk for any of the individual SGLT-2 inhibitor therapies, canagliflozin
(RR=0.91), dapagliflozin (RR=0.99), or empagliflozin (RR=1.03). Subgroup analyses confirmed that this
holds true regardless of age, sex, diabetes duration, BMI, and A1c. This is reassuring news, given some
concern over possible effects of SGLT-2 inhibitor on stroke following a hazard ratio to the left of unity for the
individual stroke outcome in the EMPA-REG CVOT for empagliflozin (HR=1.24, 95% CI=0.92-1.67, p=0.16),
though this concern had already been mostly mitigated with a resoundingly neutral stroke signal in the
subsequent CANVAS trial for canagliflozin (HR=0.90, 95% CI: 0.71-1.15).

Oral Presentations: Regulation of Islet Function in Health and Disease

Dapagliflozin Treatment Impacts ß, but Not α Cell Function in Normal Human
Islets

Chunhua Dai, MD (Vanderbilt University, Nashville, TN)

Dr. Chunhua Dai discussed several nonclinical studies demonstrating that clinically-relevant levels of the
SGLT-2 inhibitor dapagliflozin (AZ's Farxiga) reduced glucose-stimulated insulin secretion but did not affect
glucagon levels or islet survival/growth. Human islet cells from three donors were transplanted into mice.
After four weeks of dapagliflozin treatment, there was no significant change in fasting plasma glucose,
glucagon, or human insulin levels. When these mice were given a glucose challenge, dapagliflozin caused
lower blood glucose (287 mg/dl vs. 375 mg/dl, p=0.003) and lower human insulin levels (0.96 ng/ml vs. 2.05
ng/ml, p<0.0001), while glucagon was unchanged (75 pg/ml vs. 86 pg/ml, p=0.4883). Since there was no
observed change in glucagon response, Dr. Dai suggested that dapagliflozin doesn't affect alpha cell function.
That said, when his group repeated this procedure in an in vitro culture of human islets, there was no
significant change in insulin or glucagon response after glucose challenge. So it seems that much more
remains to be discovered about dapagliflozin's precise action on healthy human beta cells.

Symposium: Cardio-Renal Effects of Glucose-Lowering Therapies

Heart Failure Management in the Era of EMPA-REG OUTCOME and the CANVAS
Program

Mikhail Kosiborod, MD (University of Missouri, Kansas City, MO)

Noted cardiologist Dr. Mikhail Kosiborod provided a crash course on heart failure and its intersection with
diabetes. He framed these as "conjoined epidemics," outlining that elevated A1c is a major risk factor for
developing heart failure (starting even in the prediabetes range) and heart failure is likewise a major risk
factor for diabetes (the counter-regulatory hormone response in heart failure can exacerbate insulin
resistance). Consistent with this, heart failure is quickly becoming the most common CV complication of
diabetes and it already holds the designation of most morbid CV event for people with diabetes with a
"dismal" <25% five-year survival rate following hospitalization for heart failure. Dr. Kosiborod mentioned that
heart failure itself is still under-recognized in the cardiology community, and this is particularly true for
HFpEF, or heart failure with preserved ejection fraction. In contrast to HFrEF (heart failure with reduced
ejection fraction), which involves a decrease in cardiac output following an insult to the myocardium, HFpEF
is a systemic disease associated with excess adiposity and insulin resistance - the "cardiac manifestation" of
obesity (alongside NAFLD as the hepatic manifestation of obesity, hypertension as the vascular manifestation,
and so on). In step with the rising obesity epidemic, an increasing proportion of heart failure hospitalizations
are now due to HFpEF as opposed to HFrEF - a troubling situation since most disease-modifying therapies for
heart failure (beta blockers, ACE/ARB inhibitors, aldosterone blockers, nitrates, etc.) are only effective in the
HFrEF subtype. The only treatment options for HFpEF are diuretics and digoxin to improve symptoms, but
these do nothing to improve survival or reduce the risk of hospitalization.
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▪ Against this backdrop, Dr. Kosiborod framed obesity and metabolic syndrome as the
most impactful targets for HFpEF prevention and treatment. A 2016 JAMA study found
that HFpEF is responsive to intensive lifestyle modification: Over 20 weeks, aerobic training and
caloric restriction each produced a significant ~6% improvement in cardiac oxygen consumption,
and the combination of both aerobic training and caloric restriction boosted this to ~14%. "It's
shocking," Dr. Kosiborod said, that no studies to-date have evaluated the effect of bariatric surgery
on heart failure given its resolution of other obesity-related sequelae including NAFLD and diabetes.

▪ Of course, no heart failure talk would be complete without discussing the promise of
SGLT-2 inhibitors for this indication. Both Lilly/BI's Jardiance (empagliflozin) and J&J's
Invokana (canagliflozin) demonstrated compelling risk reduction for heart failure hospitalization in
the EMPA-REG OUTCOME and CANVAS trials, respectively. These findings are complemented by
real-world evidence from AZ's CVD-REAL study, for which Dr. Kosiborod is a primary investigator.
These results have inspired dedicated investigations of SGLT-2s for the treatment of heart failure
(rather than the prevention of heart failure in people with diabetes), namely the EMPEROR HF
program for Jardiance and the Dapa-HF study for AZ's Farxiga (dapagliflozin).

Product Theaters

Jardiance (Empagliflozin) Tablets - Evolving Clinical Development

Pam Taub, MD (UCSD, San Diego, CA); Leigh Perreault, MD (University of Colorado, Denver,
CO)

Drs. Pam Taub and Leigh Perreault presented a full-throated endorsement of SGLT-2 inhibitor Lilly/BI's
Jardiance (empagliflozin) from a CV perspective, drawing on EMPA-REG OUTCOME data. Dr. Taub
emphasized that A1c is only the tip of the iceberg when it comes to managing diabetes; as a cardiologist, she
thinks of diabetes mostly in terms of the resulting hypercoagulable state and endothelial dysfunction that
make treating CV conditions more difficult. Both speakers portrayed Jardiance as comparable to statins in
terms of how compelling the mortality data is; they expressed hope that it will be just as widely prescribed in
the near future (this was amazing to hear). Dr. Taub questioned some of her cardiology colleagues'
assumption that Jardiance is primarily a diabetes drug, arguing that death is "the ultimate outcome" and
therefore "everyone should be prescribing it" for the relevant patients. In terms of adverse events, the
speakers explained the importance of educating patients about the possibility of urinary tract infections and
genital mycotic infections given the drug's mechanism. They presented reassuring data from EMPA-REG
OUTCOME showing no difference in rates of more serious adverse events between the treatment and control
groups.

Questions and Answers

Q: What is the mechanism of action?

A: Currently the mechanism of CV benefit is unknown. It is an area of very active research.

Q: Can you review the A1c subgroup data?

A: There were sensitivity analyses looking at whether this is only beneficial in people with very high A1cs, very
low A1cs, or some sweet spot. The answer was no. They looked at different subgroups and the CV benefits
were seen across all of them.

Q: In post-marketing settings, have you seen more amputations?

A: You always see more of everything post-marketing. A patient could've taken the drug once or every day for
10 years and they can report an event to the FDA that will be put down as potentially related. It's hard to know
the denominator of drug exposure. Post-marketing surveillance can be helpful to pick up things we didn't see
in clinical trials, which involved thousands of patients rather than the millions taking the drug. There's some
indication that there might be signals not seen in the trials, but it's hard to prove causation. All of the
companies are collecting amputation data and posting it.
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Q: Can we prescribe Jardiance with the claim of CV death in the absence of background
metformin?

A: In the trials, most patients were on metformin and about 20% were not. I don't think there was enough
power to delineate whether the people not on metformin had a benefit. Right now, the standards still say
metformin is the initial drug therapy for type 2 diabetes and you can add Jardiance after. There was a small
subgroup analysis from UKPDS suggesting that metformin might have CV benefit, but it was very small and
not powered like this. Right now, it is still the recommendation to initiate metformin first. Clinically, I have a
lot of patients who have initiated metformin and had GI side-effects such that they can't tolerate it. They
sometimes end up on Jardiance alone.

Q: Do we know the cause of the genital infections?

A: The drug's mechanism of action for glucose-lowering is that it blocks maladaptive overexpression of
SGLT-2 in the proximal tubule. This leads to wasting of glucose in the urine and makes the urine highly
glucose filled. I had a nurse practitioner running down the hall saying "you put this patient on one of those
fancy new drugs and now her urine is full of glucose" and I said "yes! That means it's working." Bugs like
glucose, so if you're peeing it out, bugs can use it as fuel. That's probably the cause, but I'm not an infectious
disease expert. Patients with diabetes also have slightly impaired immunity.

Q: What was the significance of the MI and stroke results?

A: There was no difference between groups. All of the benefit was driven by CV death. There was no effect on
MI and stroke. There was a numerical increase in stroke in the active group. The question is whether that's
meaningful. It was not statistically significant. The patients in the intention to treat analysis weren't all still
taking the drug when this data was included, and they have done analyses about stroke and found that the
majority of events happened after discontinuation of active drug. When you look at the composite endpoint,
the trial was not powered to look at one part. So yes, there was a numerical increase, it was potentially related
to people stopping the drug, and it was not significant.

Q: How low can eGFR drop before you should stop treatment?

A: I don't check immediately. I wait 6-8 weeks. Initially there are lots of mechanisms leading to a transient
decrease in eGFR. After 6-8 weeks, if it's below 45 ml/min/1.73m , I will stop the drug.2

The renal changes are really fascinating. When you waste glucose in the proximal tubule, the macula densa
cells can really see the sodium in the distal tubule because it's not so diluted from glucose. That tells the
afferent arteriole to constrict and protects the kidney from glomerular hyperfiltration, which is probably a
good thing. Don't continue the drug if the GFR is persistently below 45. You can initiate it if it's above 45, if it
dips below you can watch it, and if it doesn't recover, the recommendation is to not continue.

Q: Do you need to achieve a target dose or can you keep people at 10 mg? Does the 10 mg dose
offer the same benefit as the 25 mg dose?

A: You don't need to increase the dose. The trial looked at the two doses and found comparable CV benefit. In
the analysis, they pooled the groups together. If someone is on 10 mg and doing well, you don't need to
increase it.

Posters

Canagliflozin vs. Other Anti-Hyperglycemic Agents on the Risk of Below-Knee
Amputation (BKA) for Patients with T2DM - A Real-World Analysis of >700,000
US Patients

P Ryan, JB Buse, M Schuemie, F Defalco, Z Yuan, P Stang, JA Berlin, N Rosenthal

J&J's OBSERVE-4D study was featured on a late-breaking poster: >700,000 real-world US patients were
analyzed, and SGLT-2 inhibitor Invokana (canagliflozin) was not associated with an increased risk of below-
knee amputations vs. non-SGLT-2 inhibitor diabetes therapies, except metformin (intent-to-treat HR=1.01,
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95% CI: 0.93-1.10, p=0.71; on-treatment HR=0.75, 95% CI: 0.40-1.41, p=0.25). Amputations were also
balanced between Invokana and other SGLT-2s (intent-to-treat HR=1.13, 95% CI: 0.99-1.29, p=0.06; on-
treatment HR=1.14, 95% CI: 0.67-1.93, p=0.48). See the full paper here. These are reassuring results for
Invokana, since one year ago at ADA 2017, CANVAS showed a nearly two-fold risk for lower limb amputations
with canagliflozin vs. placebo (HR=1.97, 95% CI: 1.41-2.75, p<0.001). Questions remain about the safety of
canagliflozin (especially since a black box warning for amputations is on the product label), although some
also believe that depending on how the trials were constructed (there's little standardization sought among
CVOTs) that design could've and some thought leaders have endorsed switching patients onto another
SGLT-2 inhibitor for the highest-risk patients (who will have to go off the therapy in time). Dr. John Buse
explained in a press gathering that while he was very reassured by the results, given a choice of SGLT-2
inhibitors he would not prescribe Invokana to patients with risk factors for amputation (prior amputation,
severe neuropathy, peripheral vascular disease, and very high A1c). Notably, OBSERVE-4D found similar
results in the subset of patients with established CV disease vs. the total study population (on-treatment
HR=0.72, 95% CI: 0.34-1.51), suggesting that CV disease did not confer additional amputation risk in this
real-world sample. We've heard some speculation that the high-risk patient population in CANVAS may have
contributed to the amputation finding. For reference, in CANVAS, baseline CV disease independently
conferred a 50% increased risk of amputation in a multivariate analysis of risk factors (HR=1.50, 95% CI:
1.0-2.3), though this did not explain away the correlation between cana and lower-extremity amputations (i.e.
in cohorts with and without baseline CV disease, amputations were more common with Invokana vs. placebo).
In an interview with Dr. Paul Burton (VP Scientific Affairs, Janssen), we learned that roughly 25% of people in
OBSERVE-4D had established CV disease, coming in far below the 66% of participants in CANVAS who had
prior CV events at randomization. It's possible that evaluating a greater proportion of patients without
baseline CV disease had a bearing on OBSERVE-4D's positive safety results, although it's reassuring that data
from the highest-risk quartile matched overall data.

▪ Dr. Burton emphasized that sample size in OBSERVE-4D was much larger than a
CVOT. That said, we also point to results from EASEL, another real-world study (n=25, 258) from
J&J that linked SGLT-2 inhibitors with a ~doubled risk of lower limb amputations (HR=1.99, 95%
CI: 1.12-3.51, p=0.018); 58% of observed patients in EASEL were on Invokana, 26% on Lilly/BI's
Jardiance (empagliflozin), and 16% on AZ's Farxiga (dapagliflozin). We asked Dr. Buse how he views
OBSERVE-4D and EASEL in relation to each other, and he too highlighted the order-of-magnitude
difference in population exposed. While he did acknowledge that it's difficult to pinpoint why the
two trials reached different conclusions, he also pointed out that the trials' confidence intervals
readily overlap with one another (though on the wrong side of 1.0). Dr. Buse also mentioned that,
when OBSERVE-4D is published, there will be a tool that allows any reader to do whatever they
want with the dataset - this is now available here.

▪ Perhaps the most significant limitation of OBSERVE-4D was that median on-
treatment exposure time was <six months, raising questions as to whether the study
was long enough to detect an amputation signal. In CANVAS, the amputation curves
continued to widen over the duration of the trial. Dr. Burton affirmed that J&J will continue to look
at this real-world data over time, and he noted that in CANVAS, an amputation signal would have
actually been detected even at six months. Moreover, he shared that OBSERVE-4D found no signal
for amputations in patients with longer duration of exposure to canagliflozin, up to one-two years.
Dr. Buse reiterated this finding, adding that there's no hint of amputation rates changing over time
and the six-month HR in CANVAS would have been 1.81.

▪ Ultimately, we don't think that OBSERVE-4D will completely negate the amputation
signal seen in CANVAS (even though it should given the experts to whom we've spoken), but it
should serve as a reminder to HCPs that canagliflozin is a potent, efficacious drug (more on specific
clinical benefits below), that base rate of amputations is very low even in diabetes, and that this risk
is manageable with careful monitoring of the feet. Dr. Burton described how providers have come to
understand that the absolute increase in amputations seen in CANVAS was quite low (0.2%-0.3%).
Moreover, he underscored that HCPs can identify patients at-risk for amputations (e.g. those with
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prior amputations, those with peripheral arterial disease) and decide against prescribing Invokana
(or prescribe it, but monitor extremely closely). We're not totally sure about the first point, because
our sense is that the average (busy) PCP sees the black box warning for amputations and pivots away
from Invokana (to another SGLT-2, or to another therapy class altogether); in fact, Dr. Buse touched
on the need to help PCPs understand the risk/benefit profile of Invokana. Invokana sales have been
falling since the black box was added in May 2017, although J&J has always cited pricing pressure as
the primary reason for this (and indeed, the company offers one of the best Patient Assistance
Programs according to diaTribe's analysis). We think there's a major opportunity here for J&J to
double down and really invest in the class but we don't see J&J CEO Alex Gorsky doing this - too
bad, and we hope we're wrong.

▪ On a very exciting note, OBSERVE-4D also confirmed the heart failure benefit of the
SGLT-2 inhibitor class. On-treatment analysis identified a 61% risk reduction in hospitalization
for heart failure with Invokana vs. non-SGLT-2 therapies (HR=0.39, 95% CI: 0.26-0.60, p=0.01),
and no difference on this heart failure endpoint with Invokana vs. other SGLT-2s (HR=0.90, 95%
CI: 0.71-1.13, p=0.22). In the subgroup with established CV disease, the reduction was 56%
(HR=0.44, 95% CI: 0.36-0.54). These findings corroborate the positive heart failure outcomes from
both CANVAS and EMPA-REG (for Lilly/BI's Jardiance), as well as findings from the real-world,
AZ-sponsored CVD-REAL program. A 61% risk reduction strikes us as remarkably robust, though
Dr. Burton attributed this to the nature of real-world evidence; he acknowledged that he would not
expect this to actually be significantly greater than the risk reductions seen in CVD-REAL.
Moreover, heart failure results were again similar in the overall cohort and the subgroup with
established CV disease. In the future, we'd be interested to see results from the primary prevention
cohort only. The role of SGLT-2s in primary vs. secondary CV prevention remains a key area of
investigation, as CANVAS and EMPA-REG OUTCOME enrolled predominantly participants with
baseline CV disease. DECLARE, AZ's CVOT for Farxiga slated to read out later in 2018, has enrolled
a 59% primary prevention cohort. On the whole, we've noticed tremendous thought leader
enthusiasm for SGLT-2s, particularly from cardiologists, who are very focused on the heart failure
benefit these agents offer; to this end, Lilly/BI and AZ have initiated the dedicated EMPEROR and
Dapa-HF trials to investigate Jardiance and Farxiga, respectively, in patients with heart failure with
or without diabetes. Dr. Burton shared that while J&J has considered conducting a dedicated heart
failure trial, management feels that CREDENCE, the renal outcomes trial for Invokana, will be a
good approach to the heart failure question, since that study is enrolling patients with stage 2-3 CKD
who should experience a fair number of heart failure events. CREDENCE is expected to complete in
June 2019.

◦ It's worth noting that the intent-to-treat analysis was not completed for
Invokana vs. non-SGLT-2 therapies because of heterogeneity (I =0.59)2

between the four databases used. Though these all trended in the right direction
(HRs=0.63, 0.94, 0.83, 0.73), only two were statistically significant on their own.
However, we understand this heterogeneity to be an issue of statistical power and we
imagine that very few would argue against a class effect for SGLT-2s on reducing heart
failure hospitalizations at this point. The intent-to-treat analysis of Invokana vs. other
SGLT-2s revealed no difference (HR=1.07, 95% CI: 0.95-1.20, p=0.16).

▪ OBSERVE-4D pulled data from four US claims databases, evaluating new users to
SGLT-2s and other glucose-lowering therapies with propensity score matching and
other sensitivity analyses. In total, 142,000 new users of canagliflozin, 110,000 new users of
other SGLT-2s, and 460,000 new users of other therapies were included in the study. For reference,
the intent-to-treat period was defined as one day following exposure to the last day of observation in
the database, while the on-treatment period was one day following exposure through the period of
persistent exposure, allowing for ≤30-day gaps between exposure. If patients started a non-
metformin diabetes drug (other than SGLT-2 inhibitors), they were censored from the sample.
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Databases included Truven's Commercial Claims and Encounters, multi-state Medicaid and
Medicare Supplemental Beneficiaries, and OptumInsight's Clinformatics Datamart.

Lower Risk of CV Events and Death Associated with Initiation of SGLT-2 vs. DPP-4
Inhibitors - Analysis from the CVD-REAL 2 Study

S Kohsaka, C Lam, D Kim, A Karasik, N Tangri, S Goh, M Thuresson, H Chen, F Surmont, N
Hammar, P Fenici, M Kosiborod

In CVD-REAL 2, AZ's SGLT-2 inhibitor Farxiga (dapagliflozin) was associated with lower risk for heart failure
hospitalization and all-cause mortality compared to DPP-4 inhibitors. Dapagliflozin reduced risk for heart
failure by 13% vs. DPP-4s (HR=0.87, 95% CI: 0.79-0.95). The benefit on all-cause death was even more
pronounced, with a 26% relative risk reduction favoring dapa (HR=0.74, 95% CI: 0.67-0.83). The SGLT-2
inhibitor also offered a significant 18% relative risk reduction for stroke compared to DPP-4 inhibitors
(HR=0.82, 95% CI: 0.75-0.89), while the benefit on MI just barely met the threshold for statistical
significance (HR=0.86, 95% CI: 0.74-0.99). Notably, there were relatively fewer MI events in the course of
CVD-REAL 2 follow-up (721 MIs vs. 2,156 strokes, 1,825 hospitalizations for heart failure, and 1,366 strokes),
so this sub-analysis may have been underpowered. Regardless, we've gathered from thought leaders that
cardioprotection with SGLT-2s is most likely driven by a heart failure benefit, and this poster certainly
contributes additional evidence to that line of thinking. Heart failure was added as a co-primary endpoint in
AZ's DECLARE trial for Farxiga, and you can bet we'll be eager to see these results when the CVOT reports
later this year.

▪ The majority (75%) of participants in CVD-REAL 2 had no history of CV disease at
baseline. There's been exciting talk in the diabetes field about the promise of SGLT-2 inhibitors in
primary CV prevention, and very notably, the DECLARE trial also enrolls a majority primary
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prevention cohort. CVD-REAL and CVD-REAL 2 both bode well for DECLARE results, but data
from the randomized controlled trial will certainly be more telling and more definitive. We wonder if
Farxiga might be the first diabetes drug indicated for cardioprotection in diabetes patients without
established CV disease (both Jardiance and Victoza have CV indications currently, but these only
apply to patients with pre-existing CV morbidity).

▪ Dr. Mikhail Kosiborod presented overall CVD-REAL 2 results at the annual ACC
meeting earlier this year. The findings were simultaneously published in JACC. SGLT-2
inhibitors were compared to other glucose-lowering drugs in general (as opposed to this analysis,
which focused on DPP-4s specifically for the comparator arm), and showed significant benefit on all-
cause death (HR=0.51, 95% CI: 0.37-0.70, p<0.001) as well as hospitalization for heart failure
(HR=0.64, 95% CI: 0.50-0.82, p=0.001). Dr. Kosiborod announced the original CVD-REAL results
at ACC 2017. This is an impressive endeavor in real-world evidence by AZ, one that has already
brought so much learning on the SGLT-2 inhibitor class. At CODHy Asia Pacific this year, we heard
abundant praise for CVD-REAL 2 because it focuses on countries that are often under-represented
in research (South Korea, Japan, Australia, Israel, and Singapore).

DURATION-8 Randomized Controlled Trial 104-Week Results - Once-Weekly
Exenatide (ExQW) plus Once-Daily Dapagliflozin (DAPA) vs. ExQW or DAPA
Alone

S Jabbour, C Guja, E Hardy, S Bhattacharya, P Ohman, J Frias

Two-year DURATION-8 results confirmed findings from 28 weeks and 52 weeks, showing stable benefits to
GLP-1 + SGLT-2 co-administration vs. either treatment alone. According to this poster, 62% of participants
initially enrolled in DURATION-8 (n=695) continued through two years (n=431). The trial randomized
patients with type 2 diabetes and relatively high A1c (baseline 9.3%) to AZ's GLP-1 agonist Bydureon
(exenatide once-weekly), to AZ's SGLT-2 inhibitor Farxiga (dapagliflozin once-daily), or to a combination
regimen of both. A1c declined by a mean 1.7% in the combination arm after 104 weeks vs. -1.3% in the
exenatide only arm (p<0.01) and -1% in the dapagliflozin only arm (p<0.001). Change in A1c from baseline is
also captured in the image below. It's quite notable from our view that GLP-1 + SGLT-2 co-administration
maintained A1c >1.5% below baseline over two years. The weight loss results from this 104-week follow-up
were interesting: From a baseline ~200 lbs, body weight dropped ~5.5 lbs with Bydureon + Farxiga therapy,
falling only ~1.7 lbs with Bydureon alone (p<0.001) and actually falling numerically more (-6.6 lbs) with
Farxiga alone, though this difference was not statistically significant. If anything, this speaks to the profound
weight loss potential of SGLT-2 therapy, though we remain very excited about the promise of additive weight
loss with GLP-1 + SGLT-2 combinations. As a reminder, in the initial 28-week readout from DURATION-8,
weight loss was almost additive in the combo arm (~8 lbs weight loss with Bydureon + Farxiga vs. ~3.5 lbs
with exenatide monotherapy and ~4.8 lbs with dapa monotherapy).

Long-Term Efficacy and Safety of Ertugliflozin in Patients with Type 2 Diabetes
Mellitus Inadequately Controlled with Metformin Monotherapy: 104-week
VERTIS MET Trial

S Gallo, B Charbonne, A Goldman, H Shi, S Huyck, A Darekar, B Lauring, S Terra

This poster offered a long-term look at the efficacy of ertugliflozin (Merck/Pfizer's newly-launched SGLT-2
inhibitor Steglatro). The VERTIS MET trial randomized 621 adults with type 2 diabetes to either 5 mg
ertugliflozin (n=207), 15 mg ertugliflozin (n=205), or placebo (n=209), and 26-week results were presented
on a poster at ADA 2017. Here, the investigators reported 52- and 104-week results, confirming Steglatro's
significant benefits on A1c and body weight. Importantly, in addition to background metformin, all
participants started taking glimepiride (a sulfonylurea) from week 26 through week 104. At 52 weeks, mean
A1c decline from a baseline 8% was -0.7% with low-dose ertugliflozin, -1.0% with high-dose ertugliflozin, and
-0.7% with placebo/glimepiride. After 104 weeks, A1c reductions were -0.6%, -0.9%, and -0.6%, respectively.
Given that sulfonylureas are known to be very effective blood glucose-lowering agents, it's quite notable in our
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view that the higher Steglatro dose consistently gave ~0.2% more A1c drop. A head-to-head study of
ertugliflozin vs. glimepiride was presented at EASD 2017, showing similar change in A1c with high-dose
Steglatro and with the SU over 52 weeks. We'd certainly expect an SGLT-2 inhibitor to offer better glucose
control than glimepiride over the long term, since sulfonylureas cause beta cell burnout that sooner or later
attenuates their glycemic efficacy. SUs come with a host of other side-effects as well, including weight gain
and hypoglycemia. In line with this, Steglatro's weight benefit really shined in VERTIS MET at weeks 52 and
104. After one year, both ertugliflozin doses gave ~7 lbs weight loss while body weight was unchanged from
baseline in the placebo/glimepiride group. Placebo-treated patients experienced some weight loss in the first
26 weeks of this study, but weight regain began as soon as glimepiride was initiated, and it quickly returned to
baseline. After two years, mean weight loss was ~8 lbs in both ertugliflozin arms and was again near baseline
in the placebo/glimepiride arm. It's exciting that weight loss continued through two years with Steglatro; even
though patients only lost an additional ~1 lb on average in the second year, we too-often see weight regain in
obesity trials because of the body's homeostatic response to any weight loss, so it's good to observe the curve
continue in the right direction in VERTIS MET. As expected, symptomatic hypoglycemia was more common
in the placebo/glimepiride group vs. either Steglatro group over two years. There were 28 hypoglycemia
events recorded for patients on placebo/glimepiride (13.4%), 12 for patients on 5 mg ertugliflozin (5.8%), and
12 for patients on 15 mg ertugliflozin (5.9%).

▪ The poster also shared the proportion of people in each treatment arm who required
rescue medication during the course of VERTIS MET. At the one-year mark, 17% of patients
randomized to placebo/glimepiride needed rescue therapy compared to only 4% of patients on low-
dose Steglatro and 2% of patients on high-dose Steglatro. At the two-year mark, these numbers grew
to 24%, 11%, and 11%, respectively, but the same general trend held true: Fewer type 2s given
Steglatro needed additional therapy to move toward their glycemic target. At the end of 104-week
follow-up, 25% of patients on 5 mg and 34% of patients on 15 mg Steglatro achieved A1c <7% vs.
19% of placebo patients. The stricter target of A1c <6.5% was met by 11%, 12%, and 7% of each
group, respectively.

▪ This data confirmed two things for us: (i) Steglatro is a highly efficacious SGLT-2
inhibitor and could help many patients with glucose control and weight loss. (ii)
Sulfonylureas do more harm than good, and it's a shame that they're still the most
frequently prescribed second-line diabetes drug. We're hopeful that as more advanced drugs
go generic - including SGLT-2 inhibitors, DPP-4 inhibitors, and GLP-1 agonists - they'll replace SUs
in major treatment algorithms so that these agents really fall out of favor. If sulfonylureas were
submitted to FDA today, we're skeptical that they'd even be approved. Meanwhile, the evidence
supporting ertugliflozin's safety/efficacy is strong (other posters at ADA confirmed the agent's renal
and bone safety as well, as you'll see below). Commercial uptake of Steglatro is extremely low right
now, which isn't unexpected for a product that launched ~six months ago without meaningful
reimbursement in the US. Merck/Pfizer are focused on building payer coverage throughout 2018 so
that the Steglatro franchise (which also features fixed-dose combinations Segluromet and Steglujan)
can take off in 2019. We're excited about a four-product SGLT-2 inhibitor market (Steglatro, J&J's
Invokana, Lilly/BI's Jardiance, & AZ's Farxiga) and only hope that more patients in-need can access
this incredible therapy class.

Assessment of Adverse Renal Effects in Patients with Type 2 Diabetes Mellitus
Receiving Ertugliflozin

S Patel, A Hickman, R Frederich, B Lauring, S G. Terra, S. Johnson, S Huyck, and J Mancuso

To ensure the renal safety of Merck/Pfizer's new SGLT-2 inhibitor Steglatro (ertugliflozin), investigators
embarked on this post-hoc analysis of seven phase 3 VERTIS studies (n=4,859). Overall, there was no
significant difference in adverse renal events (acute kidney injury, acute pre-renal failure, renal failure, or
renal impairment) with ertugliflozin (n=3,315) vs. placebo (n=1,544; only three of the seven studies evaluated
were placebo-controlled, hence the smaller placebo group in this analysis). In the subgroup of participants
with eGFR <45 ml/min/1.73m at baseline, there were numerically more renal adverse events with Steglatro2
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(7, or 6.4%) vs. placebo (0, 0%), but the poster emphasized that "very few renal events were adjudicated as
causally related to study medication." In other words, it's possible that this finding was due to chance.
Steglatro was FDA-approved in December 2017 and notably, the product label recommends against use in
patients with eGFR <60 ml/min/1.73m ; ertugliflozin is officially contraindicated when eGFR falls below 302

ml/min/1.73m . The agent showed strong renal safety in the subgroup with eGFR between 45-60 ml/min/2

1.73m - 4 events with ertugliflozin (1.4%) vs. 2 with placebo (1.6%) - which makes us wonder whether there's2

a case to change the label recommendation (starting the warning at <45 instead of <60 ml/min/1.73m ). Of2

course, there are likely other factors underlying this <60 ml/min/1.73m cutoff as it's stipulated on the drug2

label; we've heard from several thought leaders that these label recommendations are more so due to a
presumed loss of efficacy at lower eGFR rather than any specific safety concerns. In fact, the conversation
around SGLT-2 inhibitors and renal effects has been dominated by the possibility of renal protection rather
than renal safety of late. Merck/Pfizer's VERTIS CV trial, expected to complete in October 2019, will unveil
any cardio/renal protection with Steglatro, and we look very forward to those results.

Evaluation of Fractures, Bone Mineral Density (BMD), and Bone Biomarkers in
Patients with Type 2 Diabetes Mellitus (T2DM) Receiving Ertugliflozin

MA Hickman, R Frederich, S Patel, S Gallo, B Lauring, S Terra, S Johnson, U Masiukiewicz, S
Huyck, J Mancuso

There was absolutely no difference in bone fractures with SGLT-2 inhibitor Steglatro (ertugliflozin) vs.
placebo across the VERTIS clinical program, according to this poster by Dr. Mary Hickman and colleagues.
Investigators looked at a broad pool of 4,859 type 2s across seven phase 3 studies of ertugliflozin. In total,
there were nine patients on high-dose Steglatro (15 mg) who had a confirmed fracture while on treatment
(0.5%), nine on low-dose Steglatro (5 mg, 0.5%), and nine on placebo (0.6%) - that's quite a compelling
balance across treatment arms. Steglatro was not associated with a significant change in bone mineral density
(BMD) at the lumbar spine, femoral neck, or distal forearm. After 104 weeks of therapy, there was a larger
decline in BMD at the hip with Steglatro vs. placebo or SU glimepiride (-1.7% with 5 mg, -2% with 15 mg,
-1.2% with placebo/SU), but this was not deemed to be clinically-meaningful. The poster named weight loss as
a contributing factor for BMD decline (and indeed, ertugliflozin stimulates profound weight loss - one of the
key advantages to SGLT-2 therapy and one of the key disadvantages to SU therapy), attributing ~10% of the
between-group BMD differences to changes in body weight. Additionally, the poster reported small increases
in serum phosphate and serum magnesium with Steglatro vs. placebo/glimepiride, but the clinical
significance of these marginal changes has yet to be determined.

▪ Bone health has been an especially hot topic in the context of SGLT-2 therapy ever
since CANVAS (for J&J's Invokana) reported at ADA last year. The CVOT found
compelling CV and renal risk reduction with canagliflozin vs. placebo, but also revealed a nearly
two-fold risk for lower limb amputations (HR=1.97, 95% CI: 1.41-2.75, p<0.001). Fractures were
also more common with Invokana vs. placebo (HR=1.23, 95% CI: 0.99-1.52), though this
relationship did not show statistical significance and appeared only in CANVAS (HR=1.55, 95% CI:
1.21-1.97), not in CANVAS-R (HR=0.86, 95% CI: 0.62-1.19). There was an imbalance in amputations
across the VERTIS program (3 patients on 5 mg ertugliflozin, 8 patients on 15 mg ertugliflozin, only
1 patient on placebo), but this was not statistically significant and importantly, it's not an official
black box warning on the Steglatro label. FDA did add a black box warning to all canagliflozin-
containing medicines in May 2017, after an interim analysis of the CANVAS dataset. This post-hoc
analysis lends additional reassuring evidence about Steglatro's safety when it comes to bone health,
and we imagine this will be important as Merck/Pfizer work to penetrate the market with their new
product (which is joining a class of Invokana, Lilly/BI's Jardiance, and AZ's Farxiga).

▪ To be clear, we haven't heard from anyone in the diabetes field that amputation/bone-
related concerns should deter HCPs from prescribing SGLT-2s, because the base rate of
amputations is very low even in a diabetes patient population, and because the benefits to SGLT-2s
far outweigh the possible risks - after all, these agents offer impressive reductions in glucose, body
weight, blood pressure, and even CV/renal complications. Nonetheless, it'll be valuable for real-
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world patients/providers to see compelling safety data on all of these products, including new-kid-
on-the-block Steglatro, which just launched in the US in 1Q18.

Efficacy and Safety of Ertugliflozin Across Racial Groups in Patients with Type 2
Diabetes Mellitus

J Liu, L Tarasenko, A Pong, S Huyck, L Wu, J Mancuso, S Terra, B Lauring

This poster broke down major results from the VERTIS program by participant race, whether White
(n=1,134), Black (n=102), Asian (n=233), or Other (n=75). Merck/Pfizer's SGLT-2 inhibitor Steglatro
(ertugliflozin) showed significant efficacy vs. placebo across groups, lowering A1c, stimulating weight loss,
and reducing blood pressure. The data for A1c-lowering (over 26 weeks) is summarized in the table below,
and results followed the same pattern for weight loss and blood pressure decline, with one exception - there
was a larger drop in systolic blood pressure in Black participants compared to other racial groups, favoring
Steglatro. This wasn't discussed in-depth on the poster, but it seems that Black patients randomized to
placebo saw a larger jump in systolic blood pressure vs. the placebo arm of any other racial group, which led
to higher placebo-adjusted values. It's important to acknowledge the difference in sample size across these
four subgroups, for one because it explains the wider confidence intervals for Black, Asian, and Other, and
also because it highlights the under-representation of minorities in clinical trials. In our view, it's imperative
that diabetes clinical trials start recruiting more diverse participants, as this disease disproportionately affects
minorities. Of course, we understand that clinical trial recruitment is its own beast, with its own set of
challenges, but we hope to see diversity become more of a priority in this process. Limitations aside (i.e. small
sample size for minorities), this analysis is definitely positive for ertugliflozin, and we'd love to see this
product widely used in the real-world type 2 diabetes population. Merck/Pfizer launched Steglatro to US
pharmacies in 1Q18, so it's fairly new to market. The ertugliflozin franchise also encompasses fixed-dose
combinations Segluromet (ertugliflozin/metformin) and Steglujan (ertugliflozin/sitagliptin).

Placebo-Adjusted A1c Results, 26 Weeks

Overall
A1c change
(95% CI)

White
A1c change
(95% CI)

Black
A1c change
(95% CI)

Asian
A1c change
(95% CI)

Other
A1c change
(95% CI)

5 mg

ertugliflozin

-0.8% (-0.9%,

-0.7%)

-0.8% (-1.0%,

-0.7%)

-0.7% (-1.2%,

-0.2%)

-0.8% (-1.1%,

-0.5%)

-0.3%

(-0.9%,

+0.3%)

15 mg

ertugliflozin

-0.9% (-1.0%,

-0.8%)

-1.0% (-1.1%,

-0.8%)

-0.8% (-1.3%,

-0.3%)

-1.0% (-1.3%,

-0.8%)

-0.9%

(-1.5%,

-0.3%)

Real-World Comparative Effectiveness, Treatment Patterns, and Costs in Type 2
Diabetes Mellitus (T2DM) Patients Initiated on Canagliflozin 300 mg (CANA) or a
Glucagon-Like Peptide-1 Receptor Agonist (GLP-1)

M Singhal, H Tan, C Coleman, WH Herman, J Cai, M Han, M Ingham

This study found that type 2 diabetes patients initiated on J&J's SGLT-2 inhibitor Invokana (canagliflozin)
had similar A1c values, greater adherence, less discontinuation, and lower treatment costs compared to
patients started on a GLP-1 agonist. This was a retrospective observational study based on administrative
claims and laboratory data from the HealthCore Integrated Research Database, and it compared patients
starting on Invokana (n=755) or a GLP-1 agonist (n=2,146) between April 1, 2013 and February 28, 2016.
After 12 months follow-up, there was no significant difference in A1c change between these two groups,
implying similar glucose-lowering efficacy from Invokana and GLP-1s. Patients on Invokana were less likely to
achieve A1c <7% (27.1% vs. 30.4%), were equally likely to achieve A1c <8% (51.9% vs. 49.7%), and were more
likely to achieve A1c <9% (69.4% vs. 61.9%). A greater proportion of patients were adherent to index
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medication over 12 months with Invokana vs. GLP-1s (47.5% vs. 37.5%, p<0.001). In addition, patients
showed a lower likelihood of discontinuing Invokana therapy vs. GLP-1 therapy (49.6% vs. 57.4%, HR=0.78,
95% CI: 0.70-0.99). Regarding medication-related costs, continuous 12-month pharmacy expenses were
$1,421 lower with Invokana vs. GLP-1s. Notably, this follows a similar real-world analysis published in March,
which found that Invokana treatment would save $3,326 per patient per year compared to GLP-1 treatment;
adherence was also markedly better with Invokana vs. GLP-1s in this previous study. What we take from this
set of findings is that adherence is easier with SGLT-2 inhibitors (oral agents) vs. GLP-1 agonists (injectable
agents) - not a surprising conclusion in and of itself, though it's interesting to see how adherence translates
into cost-savings for the patient and for the health system. Without a doubt, both of these therapy classes offer
incredible benefits to patients, and both are vastly under-utilized today. We'll be curious to see how cost and
adherence differences might influence future guideline considerations; of note, the latest ADA/EASD
consensus statement draft recommends both GLP-1s and SGLT-2s for cardioprotection, and differentiates
between a class that's more effective in counteracting atherosclerosis (GLP-1) and one that's more effective in
lowering heart failure risk (SGLT-2).

Cost-Effectiveness Analysis of Empagliflozin Compared to Canagliflozin or
Standard of Care in Patients with T2DM and Established Cardiovascular Disease

A Kansal, O Reifsnider, J Lee, K Fahrbach, P Gandhi, E Pfarr, and A Ustyugova

This cost-effectiveness analysis found that Lilly/BI's Jardiance (empagliflozin) achieved better health
outcomes at lower costs compared to J&J's Invokana (canagliflozin). The researchers generated a population
of simulated patients and randomized them to either Jardiance + standard of care, Invokana + standard of
care, or standard of care alone. They ran a model that included nine possible CV/renal events and select
adverse events (genital mycotic infections, kidney injury, lower limb amputation, and bone fracture) based on
the endpoints of the EMPA-REG OUTCOME and CANVAS trials. Inputs to the model included survival rates,
treatment effect, and occurrence of adverse events based on data from these CVOTs; quality of life
parameters; and costs (wholesale acquisition costs for the treatments and acute and long-term costs for each
event). The model produced similar hazard ratios for Jardiance vs. standard of care alone as those found in
the EMPA-REG OUTCOME trial, confirming its validity. It also found longer survival and fewer adverse
effects (lower limb amputations, kidney injury, and bone fractures) with Jardiance compared to Invokana.
These more favorable outcomes yielded savings of $1,967 per patient, which were offset by the higher cost of
Jardiance (a difference of $1,577 per patient) but still led to net savings of $390 per patient. Based on this
analysis, adding Jardiance to standard of care meets ICER's threshold for cost-effectiveness, with a cost of
$24,604 per quality-adjusted life year. These results provide another argument to support the choice of
Jardiance as the first-line SGLT-2 inhibitor for patients at high CV risk, a trend we have already seen in
clinical practice since FDA added a CV indication to the Jardiance product label. That said, we've gathered
from thought leaders anecdotally that Invokana is more potent in lowering glucose and body weight compared
to Jardiance, and ultimately, we still see a favorable benefit/risk profile for canagliflozin because base rate of
amputations is so low. Cost-effectiveness comparisons will only become increasingly important as issues of
access/affordability in diabetes persist (and as this epidemic continues to grow), but we suspect that between-
class comparisons will be more valuable at the population level than within-class comparisons. That is to say,
we imagine being on any SGLT-2 inhibitor is better than being on none of them, especially when the common
alternatives for oral diabetes treatment are sulfonylureas (associated with hypoglycemia, weight gain, beta cell
burnout, and possible harm) or DPP-4s (well-tolerated but not as potent as SGLT-2s, without weight or CV
benefit).

Temporal Trends in the Use of SGLT-2 Inhibitors - The Global DISCOVER Study

M Kosiborod, H Chen, J Cid-Ruzafa, P Fenici, M Gomes, N Hammar, K Khunti, S Pocock, M
Shestakova, I Shimomura, F Surmont, F Tang, L Ji

Since the landmark EMPA-REG OUTCOME trial reported positive results at EASD 2015, we've been
somewhat underwhelmed by sales growth in the SGLT-2 inhibitor class. The SGLT-2 market grew 44% YOY
in 2016 (nearing $3 billion) and grew 24% YOY to hit $3.5 billion in 2017 - while these margins are
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impressive, we might have expected an even steeper climb following EMPA-REG and Jardiance's
(empagliflozin) CV indication. After all, CV disease remains the leading cause of death for people with
diabetes, and here's a drug known to significantly reduce CV death. This poster presented an analysis of the
global observational DISCOVER study (n=15,992) and confirmed our sense that SGLT-2 uptake has been
"modest" in the wake of EMPA-REG OUTCOME. As background, DISCOVER enrolled nearly 16,000 adults
with type 2 diabetes from 38 different countries at the time they were initiating second-line therapy. For this
analysis, the authors focused on the 11,706 patients who were not on an SGLT-2 inhibitor at baseline, and who
had data recorded at both six and 12 months. Around 10% of this cohort was prescribed an SGLT-2 during the
course of follow-up (n=1,138), with only a modestly increased rate of prescription post-EMPA-REG (6% vs.
8%, p<0.001). The poster reported that 10% of SGLT-2 prescriptions pre-EMPA-REG went to someone with
macrovascular disease vs. 14% of post-EMPA-REG prescriptions; even though Jardiance and other agents in
the class are recommended for people with prior CV events (either officially by FDA, or by diabetes KOLs),
that didn't seem to be guiding prescriptions in the DISCOVER population. History of microvascular
complications similarly had no effect on the likelihood of being prescribed an SGLT-2 inhibitor. The authors
concluded that SGLT-2 inhibitor use remains low in the real world, and that uptake wasn't all that stimulated
by the readout of EMPA-REG OUTCOME. That said, we're far from giving up on this therapy class, especially
because there are now two positive CVOTs (CANVAS for J&J's Invokana reported at ADA 2017) and there
may be a third by year-end (DECLARE for AZ's Farxiga), revealing a cardioprotective class effect of SGLT-2s
and boosting volume/sales.

Comparative Cardiovascular Effectiveness of SGLT-2 Inhibitors vs. Liraglutide in
Routine Care

E Patorno, B Everett, S Schneeweiss, R Glynn, J Liu, and S Kim

Now that two classes of diabetes therapy are considered cardioprotective (GLP-1s and SGLT-2s), people are
understandably curious to know how their CV effects differ. This retrospective cohort study found no
significant difference in CV morbidity overall in type 2s treated with Novo Nordisk's Victoza (liraglutide) vs.
SGLT-2 inhibitors, though there was a significantly lower risk of hospitalization for heart failure in the
SGLT-2 group. Following the results from LEADER, EMPA-REG OUTCOME, and CANVAS demonstrating CV
benefits with these agents in an RCT setting, this analysis aimed to compare their effects on CV outcomes in
real-world practice. The researchers followed a cohort of patients with type 2 diabetes from a US commercial
healthcare dataset who initiated treatment with either Victoza (n=22,066) or an SGLT-2 (n=35,272) between
April 2013 and September 2015. They used propensity score matching to create 17,203 pairs of patients with
balanced baseline risk factors. After 30 months, there was no significant difference between the two groups in
the incidence of the primary composite endpoint of MI, stroke, or hospitalization for heart failure (HR = 1.01,
95% CI: 0.76-1.34), nor was there a significant difference for the expanded composite endpoint
(hospitalization for acute MI, unstable angina, ischemic or hemorrhagic stroke, or coronary revascularization)
or for MI or stroke hospitalization individually. Notably, patients taking SGLT-2 inhibitors did face 32% lower
risk for heart failure hospitalization compared to their counterparts on Victoza (HR = 0.68, 95% CI:
0.52-0.88), which falls in line with major CVOT findings - SGLT-2s have shown a distinct and profound heart
failure benefit (enough to spark new outcomes trials investigating their use in chronic heart failure, outside
the context of diabetes) while GLP-1s seem to exert their cardioprotection via anti-atherosclerotic effects.
Results from this analysis were similar among patients with and without a history of CV disease (that is,
secondary and primary prevention populations). This data suggests that there is no clinically meaningful
difference in most of the CV benefits of Victoza vs. SGLT-2 inhibitors, but that the oral agents might be the
preferred option for patients at risk of heart failure, specifically. Of note, we've heard from several thought
leaders that they'd recommend GLP-1s for attacking atherosclerosis and SGLT-2s for addressing heart failure
risk, if it comes down to this choice: Dr. Naveed Sattar endorsed this view at ESC 2017, Dr. Steven Marso
suggested the same at this ADA, and the new ADA/EASD consensus statement for 2018 even makes this
distinction between ischemic events and heart failure for choosing cardioprotective diabetes therapy. All this
said, it's worth pausing to note how wonderful it is that we're even having this discussion - because we have
not one, but two diabetes drug classes that help protect patients from adverse CV outcomes, and nobody
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would have dreamed of this even five years ago (before EMPA-REG was the first positive diabetes CVOT to
read out).

Corporate Symposium: Multifaceted Approaches to Treating Type 2
Diabetes (Sponsored by Merck)

Individualization is Key

Carol Wysham, MD (University of Washington, Seattle, WA); John E. Anderson, MD (Frist
Clinic, Nashville, TN); Anne Peters, MD (Keck School of Medicine, Los Angeles, CA); Bernard
Zinman, MD (Mount Sinai Hospital, Toronto, Canada)

Dr. Carol Wysham chaired this Merck-sponsored symposium focused on medication prescription beyond
metformin. Four diabetes care providers shared their approaches to type 2 diabetes management, with an
emphasis on second-line therapy choice after metformin. Dr. John Anderson encouraged HCPs to set
personal blood glucose targets based on a patient's hypoglycemia risk, diabetes duration, comorbidities, and
CV conditions. As an example, he reminded everyone that a very intensive glucose-lowering regimen might
not be ideal for a patient at high risk for hypoglycemia - we implore that HCPs consider advanced drugs
(GLP-1s, SGLT-2s, and Novo Nordisk's basal insulin Tresiba all offer lower hypoglycemia risk) and tools like
CGM before switching these particular patients to a higher A1c target. Dr. Carol Wysham directed attention to
NAFLD, which is highly associated with insulin resistance and which can progress to NASH. She described
the difficultly of diagnosing NAFLD/NASH, which is one reason that this epidemic is on a steep climb. While
no drugs are yet FDA-approved for NASH (see our competitive landscape of candidates in development), Dr.
Wysham suggested that GLP-1s and SGLT-2s can help, mostly because weight loss is an effective treatment
for hepatic conditions. We recently heard the same message from Dr. Tim Garvey at AACE, and we've noticed
a push of late for endocrinologists to start treating NASH more seriously (because of the overlap with type 2
diabetes, and because of the weight loss component). Next, the esteemed Dr. Anne Peters clarified the
difference between clinical depression and diabetes distress, which appears in 18%-35% of diabetes patients
(both type 1 and type 2). Dr. Peters advised opening a conversation with patients to explain that diabetes
distress is a natural and common response to coping with this chronic disease. She urged that in order to best
provide diabetes care, HCPs need systematic reporting systems, sufficient time with patients, and appropriate
work-life balance.

▪ Last but not least, Dr. Bernard Zinman took the stage and presented his paradigm for
initial combination therapy. The current time taken to receive additional anti-hyperglycemic
therapies after initial failure of metformin is over one year. Dr. Zinman stressed that early
combination therapies must give low risk for hypoglycemia and must be weight neutral (if not
weight loss-promoting); he noted that documentation in this area is lacking. In his view, Novo
Nordisk's Xultophy (insulin degludec/liraglutide) and Merck/Pfizer's newly-launched Steglujan
(ertugliflozin/sitagliptin) are particularly efficacious - it's too bad in our view that US doctors (and
others globally) seem to find combination therapy so challenging.

Adjunct Therapies for Type 1 Diabetes

International Consensus Meeting on DKA Mitigation for Adjunct SGLT-1
and SGLT-2 Inhibitor Treatment in Type 1 Diabetes

Summary of Discussion

Before official ADA programming began, 30 thought leaders gathered in a small Hyatt conference room to
start drafting a consensus paper on managing DKA risk in type 1s taking an SGLT inhibitor. After four hours,
the group was still far from consensus. Everyone wholeheartedly agreed that the benefits of this drug class in
people with type 1 diabetes far exceed the risks; Drs. Satish Garg and Helena Rodbard described dramatic
weight loss and how this makes patients want to continue their SGLT regimen, while Dr. John Buse and
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others emphasized the decreased glucose variability/increased time-in-range. Prof. Thomas Danne, who
organized this meeting on behalf of ATTD, mentioned that every single person invited accepted his invitation.
"I think that goes to show how people feel about these agents, and wanting to get them distributed to patients
with type 1 diabetes safely," he remarked. We were certainly overwhelmed by the passion in the room, as we're
acutely aware of the unmet need for adjunct type 1 diabetes therapies, and it's inspiring to know that so many
of the most highly-esteemed diabetes docs are committed to this, too. At this stage, there are more questions
than answers when it comes to best practices for DKA risk mitigation, but we're optimistic that this consensus
group will help make the practice of SGLTs for type 1 safer in the real world. Sanofi/Lexicon have filed an
NDA for SGLT-1/2 dual inhibitor sotagliflozin (intended brand name Zynquista), and AZ is targeting 2H18 for
FDA submission of SGLT-2 inhibitor dapagliflozin for type 1. Both sota and dapa have been submitted to EMA
for a type 1 diabetes indication, and Lilly/BI will present phase 3 data on empagliflozin in type 1 (the EASE
program) on Tuesday. We're anticipating an FDA Advisory Committee in January, and Prof. Danne set the
goal of having a manuscript published by end of 2018, "to be looked at before regulatory meetings."

There was some disagreement on where this paper should be submitted - Diabetes Care, or a journal more
widely-read by PCPs, like JAMA? Dr. Jay Skyler pointed out that primary care providers and hospitalists are
an important audience; DKA is less familiar within these healthcare communities, and ER staff might need
the most education on how to treat an episode of DKA, since they're the providers on the front lines. Dr.
William Tamborlane captured a key theme of the consensus when he suggested an aim toward
recommendations that "educate the uneducated HCPs without tying our hands." That is to say, diabetologists
well-versed in prescribing SGLTs to type 1s may be able to maximize benefit and maintain safety even in those
at high-risk for DKA (e.g. more frequent intense exercise, higher starting A1c, etc.). To this end, the group
settled on issuing clear and specific guidelines rather than mandatory requirements. Below, we summarize
some of the major areas of agreement that emerged from this gathering, as well as some areas of continued
debate. We follow that with future directions for research and quotable quotes. We look forward to reading
this consensus paper once finalized.

Representatives from Sanofi, Lexicon, AZ, and Lilly/BI lined the back wall of the conference room, but were
not active participants in the discussion. Similarly, two representatives from FDA's Division of Metabolism
and Endocrinology Products listened to the conversation but did not comment; they were Drs. Mahtab Niyyati
and Mitra Rauschecker. Prof. Danne invited EMA to send representatives but did not hear back. Our two
cents is that many people with type 1 diabetes are already taking SGLT-2 inhibitors off-label, and regulatory
approval will make this practice much safer overall. The thought leaders acknowledged several times today
that we have very limited evidence on SGLT-related DKA in type 1s, because across RCTs there have been <30
events - this group is in a unique position of writing a consensus document that is less data-driven, and is
more so built from clinical expertise. Approval of these first oral adjunct treatments would also offer an
opportunity for real-world evidence collection on safety as well as efficacy.

▪ To be sure, there was strong agreement in the room on some points, most notably that
these therapies should be approved for type 1 diabetes given the immense clinical
benefits of weight loss and increased time-in-range. Dr. Jeremy Pettus suggested starting
the consensus manuscript with an explicit emphasis on these benefits, so that HCPs don't shy away
from SGLTs due to a small (but serious) risk of DKA. Others echoed this sentiment, underscoring
that DKA risk should be manageable in the real world. The question remains how best to manage it.

◦ To maximize efficacy and ensure safety, thought leaders agreed that
education will be key. Dr. Anne Peter spoke from her experience prescribing
canagliflozin (J&J's SGLT-2 Invokana) to patients with type 1 diabetes in J&J's phase 2
trial, when she saw three episodes of DKA. One year later, she was prescribing SGLT-2s to
type 1s without running into any DKA. Dr. Peters emphasized the value of teaching
providers how to teach their patients ("I learned how to teach DKA risk management," she
said).

◦ There was consensus on how to treat DKA when it appears, via the STICH
paradigm: STop the SGLT inhibitor + Insulin + Carbs + Hydrate. Thought leaders
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discussed eating 30g of carbs, injecting insulin, and re-checking ketones every three-four
hours, then seeking emergency medical care if necessary. Prof. Danne acknowledged that
it's counterintuitive for a patient to both administer insulin and eat carbs when blood
glucose is in-range (the room nodded in agreement); getting this message across to
patients, HCPs, and ER staff is thus critical. There were also mentions of checking for
pump failure. Importantly, there's a distinction between ketosis and DKA, and Dr. Chantal
Mathieu stressed that DKA is reversible if certain steps are taken swiftly.

◦ Not all type 1s are ideal candidates for an SGLT inhibitor, and these drugs
shouldn't be taken in certain scenarios. The experts agreed that patients on a low
carb diet probably shouldn't add an SGLT to their medication regimen. Dr. Peters shared
that she sometimes frames this as a choice for her patients: Do you want an SGLT inhibitor
or do you want to stick to a low carb diet? She added that the risk/benefit ratio of SGLT
inhibitors may be skewed toward risk in patients with lower engagement/adherence (i.e.
skipping insulin doses) and in those with limited access to emergency care. In her
experience, SGLTs are riskier in her East LA patients vs. her West LA/Beverley Hills
patients, and the sad reality is that individuals of lower socioeconomic status, who are
more vulnerable to diabetes and its complications, who stand to benefit immensely from
an adjunct therapy that improves their time-in-range, body weight, and insulin regimen,
these people also face the greatest DKA risk. Of course, access issues are inescapable for
any diabetes drug class. Still, it's upsetting to think that access to care is so closely linked to
safety outcomes in the case of SGLT inhibitors as adjunct treatments in type 1. When
should patients be told to hold their SGLT inhibitor? The group listed surgery, fasting, and
intense physical activity (Dr. Helena Rodbard told the story of one of her patients climbing
Machu Picchu in Peru, and leaving her SGLT-2 at home).

◦ Wallet cards emerged as a promising safety strategy for anyone with type 1
diabetes taking an SGLT. Dr. Mathieu recommended dedicating one side of the card to
risk minimization (e.g. be wary of high alcohol intake) and the other side to treatment (e.g.
STICH). To us, this seems like a fairly simple, feasible, and impactful idea. Should these
cards originate from the manufacturer and be dispensed at the pharmacy, or be given to
patients by their prescribing clinician? How might FDA regulate the language on these
cards?

▪ The morning featured more debate than agreement, however. There was continued
discussion on ketone monitoring (how often, and with urine or blood?), insulin adjustments
(reduction by how much, and should this come from basal or bolus?), and A1c cutoffs (what
threshold, and should insulin optimization always come first?).

◦ Ketone monitoring frequency/methodology: As Prof. Danne put it, "if we had a
continuous ketone monitor, there wouldn't be a controversy here." But the question stands
as to how often patients should check ketones. Daily (in the morning)? A few times per
week (largely for education purposes)? Only when one feels ill? There was limited
agreement on which of these options is best or safest for the majority of patients. Prof.
Simon Heller asserted early in the discussion that he would preferably ask all patients for
daily ketone checking, because it's precautionary and because people are more likely to
follow a daily routine. Dr. Peters' personal protocol stipulates daily checking unless the
patient feels "100%" (we wonder if that's too subjective?), and Dr. Paresh Dandona
endorsed checking once or twice each week, mostly so that the patient is informed about
DKA. Dr. Peters also aptly pointed out that we ask people with diabetes to check their
blood glucose every morning, so the concept isn't unheard of. Notably, Dr. Mathieu was
very opposed to the requirement that patients should check ketones every morning. She
explained that all the cases of DKA she has witnessed have happened during the day,
absent of morning ketones. Moreover, the burden of checking daily for an unlikely event
isn't sustainable; patients will do it for a while and then the practice will fade away (Drs.
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Mathieu, Pettus, and Tamborlane all agreed on this point). As such, perhaps patients
should be taught to check ketones during illness or prolonged activity, and most
importantly, when feeling unwell. There were audible murmurs of disagreement when the
conversation veered toward "checking ketones only when ill is OK." Increasingly, we
wonder if this will differ drastically by individual patient, making it challenging to write
one recommendation for the majority. We did very much appreciate Dr. Garg's emphasis
on the high cost of blood ketone monitoring. He suggested that this will frustrate patients
if they aren't actually detecting a problem. He further underscored that there isn't concrete
evidence that daily checking prevents episodes of DKA. This was not a protocol used in
clinical trials.

◦ Dr. Ele Ferrannini argued that assessing ketone trends is more important
than a single measurement in time: "You can't find a random occurrence with
a random strategy." If ketones rise in response to insulin limitation, that's a signal for
danger. He also described how DKA is always linked to a recognizable cause. There's
always a trigger, which means there's always a way to prevent DK from occurring. Dr.
George Grunberger echoed this view that DKA is distinctly preventable, referencing
AACE's consensus conference in asserting that DKA can always be traced back to a trigger.

◦ Dr. Peters asks patients looking to start on an SGLT-2 off-label to check
ketones daily for one-two weeks before initiating the drug. She uses this to
understand adherence and to educate patients on how to monitor for ketones; it also
allows her to establish a personal baseline for that particular patient, to confirm that he/
she isn't in ketosis on a daily basis without the drug. Dr. Pettus added that these one-two
weeks of lead-up also help ensure that the patient has access to ketone testing supplies. Dr.
Mathieu pointed out that it can indicate whether a patient is under-insulinized, with the
caveat that high morning ketones can be a consequence of overnight hypoglycemia; Dr.
Skyler made a plug for CGM to discern this.

◦ At what precise ketone level should patients/providers be concerned?
Suggested cutoffs were 0.5-1.0 mmol/L (risk of ketosis; repeat check in 30-60 minutes),
1-3 mmol/L (confirmed ketosis of varying severity; take fluids, eat carbs, and bolus
insulin), and >3 mmol/L (high risk of DKA; consider going to ER if persistent vomiting
and signs of dehydration). Many seemed concerned that the lower end of these
recommendations was actually too conservative. Dr. Mathieu explained that the 0.6
mmol/L cutoff used in phase 3 trials was based on insulin pump studies; she described it
as a level at which everything is not yet lost and where giving carbs and insulin can solve
the problem. Dr. Pettus expressed worry that many patients would sporadically have levels
around 0.6 mmol/L, causing undue stress; in his clinic, people with type 1 are taught that
anything over 1.0 and certainly 1.5 mmol/L is cause for concern. Dr. Tamborlane stated
that for anything <1.0 mmol/L, he'd tell patients to eat, take insulin, and check ketones
again at lunch. Dr. Buse added that he doesn't think the drug even needs to be held at 0.6
mmol/L, especially if the patient knows how to handle it. Once again, we're moving toward
this notion that DKA risk management will have to be personalized.

◦ The issue of blood vs. urine ketone monitoring was another point of debate,
though there did seem to be some agreement that "urine is fine, but blood is
better" (in Prof. Danne's words). Indeed, the only hurdle to absolute endorsement of
blood testing seems to be the prohibitive cost, at ~$1-2 per strip plus another meter (not
trivial, especially with daily checking). As Drs. Pettus and Mathieu emphasized, people
hate peeing on strips for reasons of both convenience and perceived hygiene. Dr. Mathieu
further suggested that checking via urine won't catch DKA early enough. What's more,
blood checking is faster and far more precise - at ketone levels between ~0.5-0.6 mmol/L,
it can be really hard to tell if there's a problem from urine testing. Moreover, Dr.
Ferrannini explained that ketones aren't always filtered into the urine, depending on
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hydration level. All this said, urine is better than nothing, and it could make sense for
patients to regularly monitor with urine strips and follow up with a blood meter if they
sense a problem. We were glad to hear the room call on industry to work with payers and
ketone meter/strip manufacturers to make these supplies more affordable and more
frequently reimbursed. Dr. Jake Kushner even positioned this as a "business opportunity"
for SGLT manufacturers. The idea that ketone strips could be included in the box with an
SGLT inhibitor was met with great enthusiasm.

◦ Insulin dose reduction: Should basal or bolus insulin be reduced, and by how much?
Should this differ based on the molecule used? Dr. Buse advocated that the group create a
table of insulin adjustment recommendations by agent (he alluded to differences between
sotagliflozin, dapagliflozin, canagliflozin, and empagliflozin). Dr. Garg argued fiercely that
basal insulin should be changed minimally, because as he put it, DKA happens when basal
insulin gets interrupted. This argument is in line with what Drs. Garg and Dandona
discussed at AACE 2018, when they speculated that the lack of a large basal depot in pump
users was responsible for the seemingly higher DKA risk in this patient population. This
idea that basal insulin offers a baseline level of protection against ketogenesis makes sense
to us. On the other hand, Dr. Peters - who has prescribed SGLT-2s off-label to >100 type
1s, with minimal DKA - recommended reducing basal insulin by 10% if the patient is at
target A1c or has a history of nocturnal hypoglycemia. Dr. FJ Ampudia-Blasco was another
proponent of reducing basal insulin, and he shared that in his practice, they reduce basal
by 20% in those close to target and ≤10% in those with higher A1c. Dr. Pettus offered that,
per this late-breaker to be presented on Sunday, ~70%-80% of the insulin reduction in
inTandem1 and 2 came from bolus insulin doses; we aren't aware of any data on this from
DEPICT, but Dr. Mathieu seemed to suggest that basal was more commonly reduced in
that program. As such, both the type and magnitude of recommended insulin reduction
seems to remain a point of contention, and again there will be need for personalization of
care. Dr. Pettus called for more data on this front, also raising the possibility that a higher
SGLT dose might equal greater reduction in insulin dose. We agree that this issue warrants
further investigation, and we wouldn't be surprised if Dr. Peters' protocol of reducing basal
works so well because she's only been able to use SGLT-2 inhibitors thus far: Is it possible
that basal insulin reduction is better for SGLT-2 inhibitors, while bolus reduction is better
for SGLT-1/2 inhibitors? This could be sorted out in Dr. Buse's table. For reference, the
inTandem protocol suggested a 30% reduction in first meal bolus, otherwise maximum
tolerated standard of care insulin therapy as determined by the HCP. The DEPICT
program capped insulin reductions at 20% of the total daily dose; in DEPICT 1, average
reductions were 9% for 5 mg and 13% for 10 mg dapagliflozin vs. placebo.

◦ Patient selection: Should there be an A1c cutoff or other recommended restrictions on
SGLT inhibitor prescription - and if so, what? Much of the disagreement on patient
selection centered around whether it's safe to give an SGLT to a patient who has an A1c
around or above 10%-11%. Some felt that the safest way to use these agents would be to
help patients already in fairly good control, already highly engaged in their diabetes self-
management. Dr. Skyler argued for insulin optimization before starting an SGLT therapy
in any type 1 patient. "Even if you're around 9%, you should be increasing insulin first, not
just adding an SGLT-2 inhibitor. Get patients in good control and then smooth things out
with the SGLT." He explained that high A1c is often a sign of under-insulinization, and Dr.
Pettus noted that there may be a tendency to prescribe a pill that's seemingly "easier"
without due consideration of how to maximize insulin benefits. At the same time, Dr.
Skyler acknowledged that this practice isn't always possible: "15% of the teenagers in my
practice have an A1c >11%, and they've been 'optimizing insulin' for five years." Dr. Helena
Rodbard look a slightly more liberal view and was unwilling to outright exclude people
with an A1c of ~9%-10%, explaining that she just wouldn't cut back on insulin when adding
an SGLT inhibitor in this population.
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◦ Dr. Ferrannini considered insulin optimization something to recommend but
not mandate, and he also cautioned against thinking of SGLT inhibitors as a
cure-all for poor glucose control. Others also shied away from the idea of putting
hard and fast rules in place, evoking Dr. Tamborlane's philosophy of "educating the
uneducated HCPs without tying our hands." Dr. Peters added an illuminating dimension
when she recounted two sets of patients, the first being older people with type 1, some of
whom have CV disease and want an SGLT inhibitor for the cardioprotection, and the
second being women with slightly high A1cs who shy away from more insulin because of
fear of weight gain. In her words, "I'm more nervous with a higher A1c, but if they aren't
ketotic and they're willing to work with me, I'll do it." Dr. Buse put things aptly when he
offered the example that being on a pump is objectively a higher-risk situation, but those
patients aren't going to be excluded. "All of these things are not an absolute…Why even
name a number? It's not like the risk starts at one point." He described how a hard cutoff
just hurts the people hovering around that cutoff.

◦ Dr. Garg described another unfortunate reality that people with high A1c,
most likely to benefit from an SGLT inhibitor (glucose-lowering, weight loss),
might also face higher risk for DKA. That said, while it's well-established through
T1D Exchange data that risk for DKA is generally increased among patients with higher
A1cs, it's unclear how SGLT-related DKA occurs - and it may not be correct to assume that
patients with a higher A1c automatically carry risk factors for DKA, or that these risk
factors are actually relevant in terms of SGLT-related DKA. There simply isn't enough data
to determine whether patients with a higher A1c see more DKA with SGLT inhibitors - an
industry member in the back of the room actually shared the limited evidence they have
may even suggest the opposite. Ultimately, though, they and other members of industry
sitting in the back of the room confirmed that the number of DKA events in trials
conducted to-date is too small to discern real trends.

▪ The meeting concluded with a rundown of lingering questions and knowledge gaps.
Most of this four-hour conversation identified uncertainties to explore further, but there were a few
interesting questions that came up only toward the end:

◦ Do the CV/renal protective effects of SGLT inhibitors carry over into type 1
diabetes? Dr. Peters noted that many of her older patients with type 1 who also have CV
disease ask to start an SGLT-2 inhibitor off-label; they've heard of the CV benefits in type 2
diabetes and want to experience the same. JDRF's Dr. Sanjoy Dutta shared that the
organization has been surveying pharmaceutical industry reps as well as KOLs, and has
found that there's some interest in conducting a type 1 CVOT down the road (though the
first priority is definitely investigating these agents for glucose control). Dr. Garg was
skeptical about the feasibility of this trial, but Dr. Buse defended the plausibility as long as
the CVOT enrolls type 1s with established CV disease. We'd certainly be keen to see this
CVOT, and it's good to hear early interest from JDRF. We'll be curious to hear from
Sanofi/Lexicon, AZ, and Lilly/BI on their interest in funding such a CVOT. Notably, a
Lilly/BI representative brought everyone's attention to EMPEROR HF and EMPA-
KIDNEY, as both programs will enroll subgroups with type 1 diabetes. These studies of
SGLT-2 inhibitor empagliflozin in heart failure and CKD will offer a glimpse at CV/renal
protection in type 1. According to ClinicalTrials.gov, people with type 1 diabetes are
excluded from AZ's Dapa-HF and Dapa-CKD.

◦ If we have relatively limited data on SGLT use in adult type 1s, use in
pediatrics and geriatrics is really an "evidence-free zone." We expect to see
clinical trials enrolling adolescents in the mid-term future, provided sotagliflozin and
dapagliflozin are approved for adults with type 1 diabetes. As for the older type 1 patient
population, Japan's Dr. Kotaro Yokote emphasized that it's not about age, but about self-
management capacity: If a patient has cognitive dysfunction, he will definitely face higher
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risk of DKA, but otherwise SGLTs could have tremendous benefits in the elderly (we loved
this sentiment, and couldn't agree more).

◦ Dr. Ele Ferrannini pointed to SGLT inhibitors/physical activity as another
"evidence-free zone," highlighting the possibility for future research. His
comments elicited nods from almost everyone around the table.

◦ Prof. Simon Heller advised that after this consensus paper is finalized, a
prospective study be conducted to rigorously evaluate the proposed protocols
for DKA risk management. We don't yet know what works, and like most things in
clinical science, this question demands gold standard RCT evidence. Prof. Heller
elaborated, "these opinions are not based on a huge amount of evidence, and to that end, I
hope we're going to actually study whether our protocol is effective. We owe it to patients."

▪ There were so many incredible insights shared at this gathering, some too good to
paraphrase, and so we bring you quotable quotes:

◦ "I had two sisters both randomized in a sotagliflozin trial, one to the study
drug, another to placebo. Soon after starting therapy, one loved me and the other
hated me, and that speaks to the benefits of these adjunct treatments in type 1 diabetes." -
Dr. George Grunberger

◦ "We're writing this manuscript because we think this drug class is worth it." -
Dr. Jeremy Pettus

◦ "I'd rather that some people just not get SGLT inhibitors based on our
recommendations, rather than see an epidemic of DKA after these drugs are
approved. I'd rather the 20% of patients who could really benefit get this drug." - Dr.
John Buse

◦ "My patients have said to me, 'doc, I'm melting away, I want to keep taking
this drug.' Patients really care about the weight loss with these agents." - Dr. Satish Garg

◦ "People like the weight loss, and what really makes them feel better is that
their blood sugars are less variable." - Dr. John Buse

◦ "If we had a continuous ketone monitor (CKM), there wouldn't be a
controversy here." - Prof. Thomas Danne

◦ "AACE hosted a conference on this issue a few years ago, and we found that in
every single case, DKA could have been prevented. It was never unexpected; you
could always trace it back to a trigger. The conclusion of that conference was that this is a
real risk, and let's make sure that people are educated on safety strategies. You'd hate this
class to be damned because people don't know how to use it." - Dr. George Grunberger

◦ "Let's scream it loud - DKA can happen at normal glycemia when you're on
SGLT inhibitor therapy." - Prof. Moshe Phillip

◦ "Let's keep in mind that these recommendations are not for the Anne Peters
of the world. We need consensus advice for the people who aren't as experienced as
everyone around this table, but who will encounter type 1 patients who want an SGLT
inhibitor, and who may encounter SGLT-related DKA." - Dr. Chantal Mathieu
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Symposium: SGLT Inhibition for Type 1 Diabetes Mellitus Management -
How Far Have We Gone?

Empagliflozin "Ease" Development Program to Support Regulatory Approval

Julio Rosenstock, MD (Dallas Diabetes Research Center, TX)

Dr. Julio Rosenstock shared the first phase 3 findings on Lilly/BI's SGLT-2 inhibitor Jardiance
(empagliflozin) in type 1 diabetes; these were very high-level topline results (no specific numbers), and a full
results presentation is expected at EASD (on October 4). The EASE program (n=1,680) randomized patients
with type 1 diabetes to empagliflozin or to placebo. EASE-2 (n=720) and EASE-3 (n=960) both met their
primary endpoint of superior A1c reductions with the SGLT-2 vs. placebo after 26 weeks, and very notably,
the 2.5 mg empagliflozin dose used in EASE-3 demonstrated significant glycemic efficacy (and weight loss
efficacy) without a significant spike in DKA. Jardiance for type 2 diabetes is available in 10 mg or 25 mg pills,
and Dr. Rosenstock described the background to evaluating an even lower dose in type 1: 2.5 mg tablets were
used in the phase 2 dose-ranging EASE-1 study, and showed remarkably similar effects to the 10 mg tablets.
He speculated that 2.5 mg empagliflozin could have hit the "sweet spot" of adjunct oral treatment for type 1
diabetes. We can't assess this hypothesis until we actually see the EASE data, and we look very forward to
EASD for this. Recall that DEPICT-1 showed no imbalance in DKA between AZ's Farxiga (dapagliflozin) and
placebo at 24 weeks, but this serious safety risk appeared in follow-up out to one year. Sanofi/Lexicon's
SGLT-1/2 dual inhibitor sotagliflozin has been linked to elevated DKA risk in all phase 3 inTandem trials so
far. On the other hand, DKA does seem to be dose-dependent to some extent, based on our understanding of
all DEPICT and inTandem results presented or published to-date. We're more intrigued than anything else
about how 2.5 mg empagliflozin performed in EASE-3, and it would of course be a big win for patients if this
formulation uniquely did not show any DKA risk signal (this would seem unlikely but we have not heard KOLs
discuss it at length). We're in wait-and-see mode. Lilly/BI also issued a factual press release about this topline
data, which you'll find here.

EASE-2 + EASE-3 Summary of Results

▪ Dr. Rosenstock reviewed study design for both phase 3 EASE trials. EASE-2 started with
six weeks of insulin optimization, followed by two weeks of placebo run-in. Type 1s were then
randomized to empagliflozin 10 mg, empagliflozin 25 mg, or placebo for 52 weeks total, though the
primary endpoint was read at 26 weeks. EASE-3 was similar in design except that there was a fourth
treatment arm - 2.5 mg empagliflozin - and there was no trial extension after week 26. It's important
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to note that EASE-3 was a relatively shorter study, especially if the conclusion is that this lower dose
doesn't confer excess DKA risk (again, DKA risk did not appear in the first phase of DEPICT-1 but
became apparent after a full year of follow-up). Both EASE studies collected three weeks of follow-
up data after patients stopped their assigned therapy. Baseline A1c was a mean 8.1% in EASE-2 and
8.2% in EASE-3, while baseline BMI was 29 kg/m and 28 kg/m , respectively. Mean duration of22

type 1 diabetes was 23 years in EASE-2 and 21 years in EASE-3; EASE-2 included 41% pump users
(the rest MDI) and EASE-3 included 66% pump users (the rest MDI).

▪ Despite the potential promise of 2.5 mg empagliflozin for type 1, Dr. Rosenstock
emphasized that DKA is a real and serious concern when giving therapy that is adjunct
to insulin. He shared a conservative perspective on DKA risk management, arguing that all type 1
patients taking an SGLT inhibitor should regularly monitor blood ketones - urine strips are not
enough, in Dr. Rosenstock's view. "I don't think people with type 1 should be using these drugs
without having a blood ketone monitoring tool," he established, also noting that DKA is preventable
if it's detected early (hence the push for more aggressive and diligent checking). We spent Friday
morning in a room full of 30 thought leaders debating questions like this (how often type 1s on an
oral adjunct should check ketones, which method they should use, whether basal or bolus insulin
should be reduced, etc.), at a gathering organized by Professor Thomas Danne and ATTD. Some
shared commentary in line with Dr. Rosenstock's remarks, while others opt for a less stringent DKA
risk management protocol in their clinical practice (currently, SGLTs are only prescribed off-label to
type 1s). For example, Prof. Chantal Mathieu suggested that asking a patient to check ketones every
morning imposes an undue burden and is unsustainable (meaning people will do it for a few weeks,
and then will taper off or stop); she reinforced that in clinical studies, most DKA events occurred
randomly during the day in the absence of elevated morning ketones. In Prof. Mathieu's view, it's
more valuable for patients to learn to check ketones when they feel unwell. This area still has some
ambiguity but we believe experts will reach consensus on this front. We're leaning toward a more
conservative approach to DKA risk management as well, because we want to make sure these
products are approved for type 1 diabetes and are used safely in real-world patients, though we're
refining our thinking as we continue to absorb insights. As Dr. John Buse put it during the Friday
consensus meeting, "I'd rather that some people just not get SGLT inhibitors based on our
recommendations, rather than see an epidemic of DKA after these drugs are approved. I'd rather the
20% of patients who could really benefit get this drug." From our view, there is incredible consensus
already that "patient selection" is incredibly important - which patients specifically should be left out
is also evolving.

▪ As for the competitive landscape, AZ has submitted SGLT-2 inhibitor Farxiga (dapagliflozin)
for a type 1 indication in Europe and Japan. The company plans to follow-up with an FDA
submission in the second half of this year. Sanofi/Lexicon have filed their SGLT-1/2 dual inhibitor
sotagliflozin with both FDA and EMA, and recently announced the intended brand name
"Zynquista." In all likelihood, FDA will convene an Advisory Committee meeting to discuss DKA and
the risk/benefit profile of SGLT inhibitors in type 1 diabetes. We suspect this will take place in DC
around January, and perhaps FDA will consider having one meeting for both AZ's and Sanofi/
Lexicon's molecules?

▪ During Q&A, Dr. Rosenstock pointed to the "opportunity" for a post-marketing CVOT
in type 1 diabetes with one of these drugs. Given the high cost of running a CVOT, we wonder
if manufacturers would ever consider taking this on themselves or whether it would have to be FDA-
mandated. We agree it would be incredibly valuable for patients and for the diabetes field. See
directly below for Dr. Rosenstock's comments. As we understand it, BI/Lilly may have data on this
front after the heart failure studies appear since the sub-group element has a high number of both
type 1 and type 2 patients - we are eager to hear more on this front.

Select Questions and Answers:

Q: Dr. William Cefalu (ADA): Were there any particular CGM parameters you can share?
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A: Dr. Rosenstock: There was a significant increase in time-in-range. And there was nice data on glucose
variability.

Dr. Cefalu: I guess we'll hear about it at EASD.

Comment: I would have thought that the renal protection of SGLT-2 inhibitors would be
particularly relevant for the type 1 diabetes population, where mortality and reduced life
expectancy is particularly seen in those with kidney disease.

Dr. Rosenstock: I totally agree. We've done a lot of CVOTs in type 2 diabetes, with more than 200,000
patients involved. I do think there's an opportunity to do a post-marketing outcomes study in type 1 diabetes
with established CV disease, and I hope it's a requirement.

Should a Cardiovascular-Renal Prevention Outcome Trial with an SGLT Inhibitor
Be Warranted in Type 1 Diabetes Mellitus?

David Cherney, PhD (University of Toronto, Canada)

Dr. David Cherney gave the final talk of ADA 2018, on a topic that's been a major theme of this entire
conference: SGLT inhibitors in type 1 diabetes. He outlined compelling reasons to believe that this therapy
class could be CV/renal protective for patients with type 1, concluding that there's an "urgent need" for
cardio/renal outcomes trials in type 1 diabetes. While the mechanisms of SGLT inhibition should play out in
type 1 diabetes much like they do in type 2 (Dr. Cherney highlighted natriuresis and hypoxia in particular), he
acknowledged that we have no "hard evidence for end organ protection." While Lilly/BI's EMPA-KIDNEY
outcomes trial of SGLT-2 inhibitor Jardiance (empagliflozin) in CKD will include a subpopulation with type 1
diabetes, Dr. Cherney speculated that this will be a small minority of patients, and that sub-analyses won't be
sufficiently powered. Lilly/BI representatives at Friday's SGLT/DKA consensus meeting noted that the heart
failure program around Jardiance (EMPEROR HF) will also enroll some participants with type 1 diabetes, and
we imagine Dr. Cherney would have the same reservations about sub-analyses conducted here. In other
words, we can't rely on sub-analyses to yield insights on how SGLT inhibitors affect diabetes complications for
people with type 1. (To our understanding, AZ's parallel Dapa-CKD and Dapa-HF outcomes trials exclude
patients with type 1 diabetes.) A recent paradigm shift in type 2 diabetes care has positioned CV risk reduction
as a central goal of any treatment plan; the most noticeable change in type 1 diabetes care of late has been
growing emphasis on glycemic outcomes beyond-A1c, but to be sure, CV and renal risk reduction are also of
key interest for this patient population. Dr. Anne Peters has explained that many of her older patients with
type 1 ask for an off-label SGLT-2 inhibitor because they've heard about the CV benefits in type 2 diabetes,
and they want the same for themselves.

▪ Dr. Cherney listed several barriers to a type 1 diabetes CVOT as well, giving balance to
his presentation. DKA is a small but significant risk associated with SGLT inhibitors, and he
implied that investigators may not want to pass out this medicine to thousands of patients until
better safety protocol are in place. As a reminder, Dr. Julio Rosenstock's suggestion earlier in this
same symposium was that AZ, Sanofi/Lexicon, or Lilly/BI conduct a post-market CVOT for their
molecule in type 1 diabetes; presumably, safety procedures and risk management strategies will be
more solid by the time these products reach the market (hopefully starting in mid-2019). We expect
more counsel to be sought on this front. Dr. Cherney continued by mentioning the need for creative
funding sources (perhaps a public-private partnership) and the need to enrich the patient
population with established CV disease or DKD at baseline. He spoke to lessons learned from type 2
diabetes CVOTs in terms of enriching the study population to have an adequately powered trial. He
also asked the question, "which outcomes?", and we'd hope that such a trial would be very
thoughtfully designed to measure the endpoints most meaningful in type 1 diabetes. We don't think
it's too early to start talking about a type 1 CVOT, because we're optimistic that SGLTs will
eventually be approved for this indication, and regardless, we imagine patients will continue to take
them off-label (so FDA may as well regulate safety, and research dollars should be invested in
elucidating micro and macrovascular effects).

www.closeconcerns.com 113

https://www.closeconcerns.com/knowledgebase/r/8f2ed0be
https://www.closeconcerns.com/knowledgebase/r/457aa210#How_to_Manage_DKA_Risk_in_Type_1s_on_an_SGLT_Inhibitor_Important_Questions_Emerging
https://www.closeconcerns.com/knowledgebase/r/4fef32c3
https://www.closeconcerns.com/knowledgebase/r/457aa210#How_to_Manage_DKA_Risk_in_Type_1s_on_an_SGLT_Inhibitor_Important_Questions_Emerging


Oral Presentations: Clinical Trials in Type 1 Diabetes

Efficacy and Safety of Dapagliflozin in Patients with Inadequately Controlled Type
1 Diabetes - DEPICT-2 Study

Chantal Mathieu, MD (UZ Leuven, Belgium)

Prof. Chantal Mathieu shared the first public results from DEPICT-2, investigating AZ's SGLT-2 inhibitor
dapagliflozin in patients with type 1 diabetes. ADA published a press release on this data simultaneous with
the start of her oral presentation. DEPICT-2 (n=813) largely matched DEPICT-1 (n=833) in terms of major
efficacy results, although there was an imbalance in DKA events which wasn't seen in the first trial. After 24
weeks, patients randomized to 5 mg dapagliflozin as adjunct to insulin (n=271) saw placebo-adjusted A1c
decline of 0.37%, while those randomized to 10 mg dapagliflozin (n=270) saw placebo-adjusted A1c decline of
0.42% (both p<0.0001). Baseline A1c was 8.4% across the trial. Weight loss was 3% greater in the 5 mg arm
vs. placebo and 4% greater in the 10 mg arm vs. placebo (both p<0.0001). Baseline body weight was ~174 lbs
(BMI 28 kg/m ). Total daily insulin dose fell 11% regardless of dose relative to placebo (p<0.0001), and at2

baseline, participants were taking 0.7 units/kg. Prof. Mathieu paused to emphasize the composite endpoint of
≥0.5% A1c reduction without severe hypoglycemia, achieved by 40% of the lower dose group and by 42% of
the higher dose group vs. only 20% of the placebo group. DKA occurred in seven and six people from the 5 mg
and 10 mg dapagliflozin arms, respectively, which corresponds to event rates of 2% and 3%. There were no
instances of DKA reported in the placebo arm. Prof. Mathieu reviewed data on DKA events in pump users vs.
MDI, episodes caused by pump failure vs. missed insulin dose, ultimately concluding that there was no clear
pattern and DKA is a risk inherent to dapagliflozin and to adjunct type 1 diabetes therapies more generally.
She continued, these events were sporadic throughout the 24 weeks of DEPICT-2; they weren't concentrated
toward the beginning of the study, when patients have just started their SGLT-2 prescription. These results
and Prof. Mathieu's comments confirm our sense that DKA is a class effect of adjunct therapies for type 1;
even after DEPICT-1, DKA was still a concern for this molecule, and Prof. Mathieu clarified that events were
balanced in that earlier study because of a higher rate in the placebo group - this is not surprising from our
view, and our focus is still on how the field minimizes the chance of DKA. Now that AZ has submitted
dapagliflozin for a type 1 indication to EMA (FDA filing planned for 2H18), and now that Sanofi/Lexicon have
submitted sotagliflozin for type 1 to both FDA/EMA, the field needs to establish best practices for DKA risk
management. There's no question in our minds that the benefits far outweigh the risks, and we hope for more
answers on DKA risk mitigation in the coming months: How often should patients taking an adjunct SGLT be
asked to check ketones? By how much should their insulin dose be adjusted? Basal or bolus reduction? See
our coverage of the ATTD Consensus meeting (hosted in conjunction with ADA 2018) for more.

▪ Prof. Mathieu gave a preview of the CGM data from DEPICT-2 - more granularity on
these results came on a late-breaking poster (125-LB). Time-in-range (>70-180 mg/dl)
increased 6% in six months with 5 mg dapagliflozin - that's 1.5 hours per day that a patient spends
feeling well, not working to correct hyper or hypoglycemia. In the 10 mg dapa arm, time-in-range
grew 8% - that's nearly two hours (both p<0.0001 vs. placebo). In the placebo group, time-in-range
actually decreased 3% (this may not sound like a lot - it's ~45 minutes/day, which is nearly five days
a year!). We cannot emphasize enough the value of time-in-range as an outcome, because of how
closely it's correlated with quality of life (direct relationship) and with diabetes work (inverse
relationship). Prof. Mathieu also reported a 10 mg/dl reduction in MAGE with 5 mg dapa
(p<0.0001) and a 9 mg/dl reduction with 10 mg dapa (p=0.0001), highlighting the postprandial
improvements with this adjunct treatment on top of insulin. There was no significant difference in
hypoglycemia across groups.

▪ DEPICT-2 was a global study enrolling patients from 136 centers across 13 countries.
Prof. Mathieu noted that the trial population was in pretty poor control at baseline: Inclusion
criteria included A1c between 7.5%-10.5%, and one in five participants entered the study with an A1c
>9%. Prof. Mathieu also highlighted the "remarkable retention" of DEPICT-2, explaining that 90%
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of patients starting on dapagliflozin continued through the six-month mark compared to 88% of
placebo-treated patients - good patient selection, of course, and they love it as it fills a gap.

Select Questions and Answers

Q: Did you find that people with higher baseline A1c had more DKA? What was the effect of
education?

A: In DEPICT-2, patients were educated to measure ketones when they felt sick. They were also instructed to
eat carbs, give bolus, contact a medical team, etc. We looked at all 13 events but couldn't find a pattern with
higher A1c. Most events were random, not only happening at the beginning, but just throughout the six
months.

Fifty-Two-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT1 and SGLT2
Inhibitor, as Adjunct Therapy to Insulin in Adults with Type 1 Diabetes
(inTandem1)

John Buse, MD (University of North Carolina, Chapel Hill, NC)

In an absolutely packed oral session, Dr. John Buse presented 52-week inTandem1 results (n=793),
reinforcing the glycemic and weight loss benefits of sotagliflozin in adults with type 1 diabetes, while also
confirming the DKA risk associated with all SGLT inhibitors in type 1. See the full results in Diabetes Care and
the 24-weeks results here. At 52 weeks, sotagliflozin 200 mg gave a 0.25% drop in A1c vs. placebo (p<0.001)
and 400 mg gave a 0.31% drop vs. placebo (p<0.001). This compares to placebo-adjusted A1c reductions of
0.36% and 0.41%, respectively, at 24 weeks. There was a noticeable rise in A1c during the trial's extension
period, but still a significant reduction overall. The net benefit endpoint of A1c <7% with no severe
hypoglycemia or DKA was observed in 26% of sotagliflozin 200 mg participants vs. 19% of placebo
participants, just missing significance (p=0.05). Sotagliflozin 400 mg gave net benefit in 32% of participants,
and this was statistically significant compared to placebo (p<0.001). We remain very curious about the
relative risk/benefit with respect to dose: Overall, higher doses have been associated with greater risk of DKA,
but they also seem more effective on glucose and weight loss. Other endpoints also revealed dose effects of
sotagliflozin: 200 mg was associated with a ~4 mg/dl drop in fasting plasma glucose (p=0.028 vs. placebo) vs.
~11 mg/dl with 400 mg (p<0.001 vs. placebo); this compared to a ~9 mg/dl rise in the placebo group. Dr.
Buse also shared CGM data from inTandem1, noting a superior effect on 400 mg sotagliflozin vs. the 200 mg
dose on pre-meal glucose in the context of overall increases in time-in-range with both doses. Notably, these
results were presented alongside DEPICT-2 at the end of an oral presentations session otherwise dominated
by tech trials, and Dr. Buse made a point to comment that the time-in-range benefits seen in inTandem1 were
"on par with those discussed by speakers earlier in this session." Exact numbers were not given but pooled
CGM data from inTandem1 and 2 showed +1.3 hours and +2.8 hours more time-in-range with 200 mg and
400 mg sotagliflozin. Sanofi/Lexicon have filed sotagliflozin with FDA and EMA for a type 1 indication, and
regulatory decisions are anticipated in 1Q19.

▪ On the all-important safety endpoint of DKA: 11 participants on 400 mg sotagliflozin
experienced DKA (4.2% of the group), as did nine participants on 200 mg (3.4%) and
one on placebo (0.4%). For a comprehensive take on DKA risk management, see our report on
Friday's SGLT/DKA consensus meeting. These DKA data include events adjudicated as (i) definite
DKA and (ii) probable DKA. There were 22 events overall, in 21 patients. For 15 of 22 events, blood
glucose at the time of DKA was >250 mg/dl; for the remaining seven, blood glucose was ≥150-250
mg/dl. As such, no truly euglycemic DKA occurred, and Dr. Buse himself has previously identified
this as the real challenge, because blood sugar levels don't alert a patient to anything being wrong.
That said, blood glucose between 150-250 mg/dl wouldn't necessarily cause alarm in most patients
with type 1 diabetes. While exact data were not shared, Dr. Buse noted during Q&A that
proportionally more DKA events occurred in patients on pumps. He also clarified that participants
were instructed to check ketones when feeling unwell; in his practice, they were also told to check
intermittently as general practice, though we understand that this was not part of the official
inTandem1 protocol. Participants were given both blood and urine ketone testing supplies. Genital
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mycotic infections were also increased in the 200 mg (9%) and 400 mg (13%) groups vs. placebo
(3%), as is to be expected for an SGLT inhibitor.

▪ Weight loss continued through 52 weeks, and there was a significant benefit with 400
mg over 200 mg sotagliflozin. From a baseline ~192 lbs, participants in the 200 mg group lost a
mean ~7 lbs vs. placebo, while those on 400 mg of the drug lost a mean ~10 lbs vs. placebo. This
represents a respective increase over ~5 lbs and ~8 lbs at week 24, driven by both weight loss in the
sotagliflozin groups and ~2 lbs weight gain in the placebo group. Based on the graph in Dr. Buse's
presentation, it was clear that weight loss in the sotagliflozin groups did not level off over the 52
weeks, reflecting what Lexicon sees as one of the key benefits of the dual SGLT-1/2 inhibitor
mechanism.

▪ Sotagliflozin was associated with a numerical but non-significant benefit on severe
hypoglycemia. In the placebo group, 26 people (10%) experienced an episode of severe
hypoglycemia, which was reduced to 17 (7%) in the 200 mg group and an identical 17 (7%) in the
400 mg group. In our view, this trend is quite clear (we'll be interested to see full data from the rest
of the inTandem program), and indeed, Lexicon has expressed its intention to make hypoglycemia
data a key component of the overall sotagliflozin risk/benefit profile. While it may be tricky to do so
without a significant result, we do think this could be a genuine benefit of the overall flatter glucose
profile that sotagliflozin treatment offers.

▪ inTandem1 also found significant improvements in patient-reported outcomes with
both sotagliflozin doses, maintained at 52 weeks. Participants completed the Diabetes
Distress Scale, and both 200 mg (p=0.003) and 400 mg (p<0.001) were associated with significant
drops in diabetes distress score vs. placebo.

▪ Dr. Buse showed that bolus insulin was reduced more than basal insulin in
participants on sotagliflozin. In inTandem1, basal dropped 2% and 6% (p<0.001 vs. placebo)
while bolus rose 2% (p=0.23) and dropped 9% (p<0.001), with 200 mg and 400 mg respectively. In
inTandem2, basal dropped 4% in both sotagliflozin groups (p=0.006), while bolus fell 4% (p=0.08)
and -8% (p=0.06). Reduction of basal vs. bolus insulin is becoming an increasingly hot topic in
terms of minimizing DKA risk (see an in-depth discussion of this issue here), and it seems like the
best methods for reducing insulin might differ based on which SGLT is being used. For a deeper dive
on insulin reduction in inTandem, see 5-LB from Dr. Jeremy Pettus, to be presented on Monday;
this analysis shows that ~70%-80% of total insulin reduction in these two studies came from bolus
insulin. For inTandem1, total daily insulin dose (TDD) fell by 4% with 200 mg and by 9% with 400
mg (both p<0.001 vs. placebo). For inTandem2, TDD fell by ~6% with 200 mg (p=0.002) and ~8%
with 400 mg (p<0.001). TDD rose by 4% and 1% in respective placebo groups.

▪ Pooled CGM data from inTandem1 and 2 were presented in another poster, showing
that sotagliflozin offers 1.3 to 2.8 more hours per day in-range (70-180 mg/dl) vs.
placebo, according to a 278-person blinded CGM sub-study. On a primary endpoint of
percent time-in-range at week 24, 200 mg sotagliflozin gave an additional 1.0 hr/day in range vs.
baseline and 1.3 hrs/day vs. placebo (p=0.026), while 400 mg sotagliflozin gave an additional 2.5
hrs/day vs. baseline and 2.8 hrs/day vs. placebo (p<0.001). While time-in-range for the placebo
group (n=93) remained constant at 52%, it rose from 52% to 58% with 200 mg (n=89) and from
51% to 64% with 400 mg (n=96). Mean daily glucose fell an average of 6 mg/dl in the 200 mg group
(p=0.09 vs. placebo) and 17 mg/dl in the 400 mg group (p<0.001 vs. placebo), rising 2 mg/dl in the
placebo group. Postprandial glucose also declined ~35 mg/dl and 50 mg/dl in the sotagliflozin
groups compared to placebo (p<0.001 for both), a very compelling effect that the authors attribute
to SGLT-1 inhibition in the proximal intestine. MAGE results followed a corresponding pattern,
dropping 16 mg/dl (p=0.022) and 25 mg/dl (p<0.001), respectively, in the sotagliflozin groups and
3 mg/dl in the placebo group. Lexicon released topline data on this sub-study last September, and
these data offer a fuller picture of the time-in-range and dose dependent benefits to sotagliflozin.
Notably, time spent in hypoglycemia was not significantly affected, though small reductions were
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observed (i.e. the effect trended in the right direction); thus, the time-in-range benefit occurs almost
entirely through reduced time spent >180 mg/dl. We remain convinced that time-in-range is
perhaps the most important benefit type 1s get from SGLT inhibitors, and Lexicon has confirmed
that this pooled CGM data is included in the regulatory submissions for Zynquista (the intended
brand name, which we love!). Still, it's unclear whether and how FDA/EMA might consider these
data. We truly hope that FDA takes CGM findings into account when weighing the risk/benefit
profile of these agents; spending an additional ~1-3 hours per day not worrying about or trying to
correct hyperglycemia or hypoglycemia should translate to a serious quality of life benefit for
patients.

Oral Presentations: From Progression to Management in Type 1 Diabetes -
What Is New?

Metformin Improves Insulin Resistance (IR) and Vascular Health in Youth with
Type 1 Diabetes (T1D)

Kristen Nadeau, MD (University of Colorado, Aurora, CO)

Dr. Kristen Nadeau presented new data from the EMERALD study revealing potential CV benefits of adjunct
metformin therapy in youth with type 1 diabetes. Type 1s between age 12-21 (n=49) were randomized to
metformin or placebo as adjunct to basal/bolus insulin for three months. Compared to those on placebo,
participants on metformin experienced significant improvements in insulin resistance (p<0.01), aortic pulse
wave velocity (-1.1 m/s vs. +4.1 m/s, p<0.04), aortic wall shear stress (-0.03 N/m vs. +0.2 N/m , p=0.03),22

and carotid intima media thickness (cIMT), a common surrogate marker for CV risk (p=0.04). Additionally,
metformin had marked effects on body composition, reducing body weight by ~1 lb vs. +3 lbs with placebo
(p=0.004), BMI by 0.19 kg/m vs. +0.44 kg/m (p=0.005), and fat mass by ~1.5 lbs vs. +1.2 lbs (p=0.01).22

Metformin use was associated with no significant changes in A1c, blood pressure, LDL, HDL, triglycerides, or
peripheral measures of arterial stiffness and function in this population. Dr. Nadeau hinted that the research
team is still analyzing data on cardiac, renal, and mitochondrial function with metformin in type 1 diabetes,
and we're looking forward to learning the fuller picture.

▪ Dr. Nadeau suggested that these results bode well for the use of metformin as a
cardioprotective intervention in youth with type 1, though we'd note that metformin
has a rather mixed history when it comes to CV effects in this patient population. One
year ago at ADA 2017, the JDRF-sponsored REMOVAL trial failed to show metformin's CV efficacy
on the primary endpoint of decreased mean cIMT over three years. While the tertiary outcome of
maximal cIMT increased at a significantly slower pace in the metformin-treated group (0.012 mm/
year) vs. the placebo group (0.25 mm/year, p=0.0093), our sense is that most thought leaders
consider REMOVAL to be a resoundingly neutral study. REMOVAL comprised an adult patient
population, and perhaps there are meaningful underlying differences of youth type 1 diabetes. In any
case, the present findings add more data in favor of a beneficial CV effect for metformin in type 1
(albeit in a small study population). What we really need to reach conclusions on this question is a
larger, longer study investigating hard CV outcomes with metformin (as opposed to these CV
biomarkers), but the issue of funding remains (we'd love one of the three traditional funders - NIH,
JDRF, or the Helmsley Charitable Trust). In the meantime, since many type 1s do take metformin
off-label in the real world (for additional glucose-lowering, weight loss, etc.), it's encouraging to see
continued clinical research on this front and to get confirmation of safety with possible CV efficacy.

▪ Dr. Nadeau stressed that the primary rationale for adjunct therapy in type 1 diabetes
is improvements in beyond-A1c outcomes, e.g. the vascular benefits observed in this
study. These are especially important in light of the fact that people with type 1 diabetes, even
youth, have elevated CV risk factors. In this study, participants with type 1 had greater vascular
dysfunction (elevated aortic pulse wave velocity and aortic wall shear stress) compared to age- and
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BMI-matched controls without diabetes. In addition, the elevated insulin resistance seen in people
with type 1 diabetes has a well-established relationship with CV morbidity.

Joint ADA/JDRF Symposium: Current Management of Type 1 Diabetes in
Youth - What are the Options?

Beyond HbA1c - How Are We Managing Type 1 Diabetes Mellitus Comorbidities?

Peter Bjornstad, MD (Children's Hospital Colorado, Aurora, CO)

Dr. Peter Bjornstad anchored a joint ADA/JDRF symposium with an emphasis on outcomes beyond A1c. He
implored healthcare providers to move past glucose centricity and to place a more substantial focus on CV and
renal risk reduction. Dr. Bjornstad began his talk with a summary of clinical trial data, showing that efficacy
results of most cardioprotective drugs in type 1 diabetes are mixed at best. His overview covered statins (some
positive CV effects in observational studies, but trials mostly negative), RAAS inhibitors (no reduction in
albuminuria), metformin (some evidence of improved insulin sensitivity but data inconsistent, plus the
REMOVAL trial found no cardioprotective benefit), and SGLT inhibitors (some blood pressure-lowering and
attenuated hyperfiltration). Many of the studies he addressed found effects on some CV biomarkers but not
others, which raises the question: Which biomarkers should we prioritize? (This is assuming that a full-
fledged CV outcomes trial in type 1 diabetes is out of the question for the near-term future, but not forever.)
Dr. Bjornstad implied that conventional biomarkers of CV and renal disease may not be completely
trustworthy - in this category, he grouped albumin excretion, eGFR, and snGFR. He proposed a number of
alternative CV/renal biomarkers, including eGFR measured by iohexol clearance or inulin clearance, kidney
biopsies, measuring PWV or Alx, testing VO2 peak, or performing cardiac MRIs and myocardial perfusions.
By optimizing our biomarkers, Dr. Bjornstad believes we can design enriched outcomes trials of high risk
individuals displaying higher event rates, which increases the speed and sensitivity with which we can
determine cardio/renal protective properties. In other words, Dr. Bjornstad sees biomarkers as a means to an
end for a well-designed CVOT in type 1 diabetes - he didn't suggest that studies of biomarkers could replace
the insight offered through a full-fledged CVOT. In particular, he expressed his hope that a long-term
outcomes study will reveal CV/benefits to SGLT inhibitor therapy in type 1 diabetes. We heard a similar
sentiment from Dr. Anne Peters at the ATTD-sponsored consensus meeting on DKA with SGLT use in type 1
(she shared that many of her type 1 patients know about the CV benefits in type 2 diabetes and want the same
cardioprotection for themselves). We'd also note that this was a major topic of discussion at ADA in general,
and in fact, the very last talk of the meeting was Dr. David Cherney outlining the rationale for a type 1 diabetes
CVOT (he called it an "urgent need"). Other thought leaders, including Dr. Satish Garg, have been skeptical
about the feasibility of a CVOT conducted entirely in type 1 diabetes; securing funding could be a challenge,
and Dr. Cherney suggested creative methods, perhaps a public-private partnership. We'd most certainly love
to see a type 1 diabetes CVOT (after all, CV morbidity among type 1s remains a substantial unmet need), and
we were intrigued by Dr. Bjornstad's ideas on optimizing biomarkers.

Questions and Answers

Q: You didn't talk much about genetics. What do you think about genetics, and really all the -
omics of these people?

A: I think genetic risk factors are extremely important. They tie into loss of nephron numbers as well. If you
are born with fewer nephrons then you are also more likely to lose them more quickly.

Q: I just wanted to note the apparent similarity between the heterogeneity of beta cell loss and
nephron loss.

A: This is exactly right - there is not one type of diabetic kidney disease, or one type of nephron loss. It is a
multifactorial process and is confounded by genetic factors.
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Oral Presentations: SGLT-2 Inhibitors - From Mechanisms to Clinical Trials
(With ADA Presidents' Select Abstract)

ADA Presidents' Select Abstract: Mechanism by Which Dapagliflozin Induces
Euglycemic Ketoacidosis in Rats

Rachel Perry, PhD (Yale University, New Haven, CT)

Yale's Dr. Rachel Perry presented this select abstract suggesting that SGLT-2 inhibitor induced DKA requires
the confluence of two events - reduced insulin level + volume depletion. Dr. Perry's work investigates the
mechanism of increased DKA risk due to SGLT-2 inhibitor treatment, and her team has found that
dapagliflozin (AZ's Farxiga) causes plasma volume depletion and induces a cascade of increases in
glucocorticoids and catecholamines that stimulate lipolysis, ketogeneis, and eventually euglycemic
ketoacidosis. Treatment of Sprague-Dawley rats with dapagliflozin increased the rate of hepatic ketogenesis
vs. treatment with placebo (35 μmol/kg-min vs. 136 μmol/kg-min, p<0.0001). This led to volume depletion
which sparked a rise in plasma catecholamine (epinephrine 0.5 nM vs. 7.3 nM, p<0.001; norepinephrine 2.5
nM vs. 19.8 nM, p<0.01) and elevated corticosterone (115 ng/ml vs. 233 ng/ml, p<0.01) relative to placebo.
Dr. Perry described how these effects occurred simultaneously with a dapagliflozin-mediated reduction in
insulin levels (p=0.004), culminating in DKA. We are intrigued by this insight into DKA physiology, as this
safety issue remains a significant concern when it comes to the otherwise extremely promising class of SGLT
inhibitors for type 1 diabetes. We wonder if increased emphasis on sustaining fluid levels can help to reduce
DKA events related to SGLT therapy. To be sure, hydration was repeatedly recommended by thought leaders
at the ATTD consensus conference on DKA risk management for type 1s taking an SGLT inhibitor.

▪ Dr. Perry emphasized that volume depletion is necessary but not sufficient in order
for a DKA episode to occur. In her investigations, rodents treated with dapagliflozin show
significant (p<0.01) increases in corticosterone, epinephrine, and norepinephrine levels along with
significant (p<0.001) increases in fatty acid turnover, hepatic acetyl coA levels, and endogenous
glucose production. However, these increases in markers of steroid production, lipolysis, and
gluceoneogenesis were dependent on the volume depletion effect of dapagliflozin. When rodents
were treated with both dapagliflozin and saline injections, these levels decreased to those of the
control group. Thus, Dr. Perry concluded that volume depletion is necessary for DKA to occur, but
she went on to explain why volume depletion on its own is not sufficient to provoke ketosis. When
treated with the diuretic furosemide, plasma beta-hydroxybutyrate concentrations and turnover
rates did not significantly change from control, indicating the failure to induce ketosis with this
intervention. Conversely, these measures were significantly different upon treatment with
dapagliflozin. Drawing on these observations, Dr. Perry underscored that an insulin-lowering effect
is needed in conjunction with volume depletion to cause a DKA event. In line with this, thought
leaders have stressed that treating DKA requires both glucose and insulin (as counterintuitive as this
may feel for patients, caregivers, ER staff, etc.).

▪ Could the volume depletion effects of SGLT inhibitors be a target for the prevention of
SGLT-related DKA? Dr. Perry raised this intriguing possibility. Seeing as volume depletion was
necessary to cause DKA, she proposed this as a potential action point to minimize DKA risk.
Although she didn't go into specifics, we're definitely interested in this idea, and we'd note that any
intervention would ideally preserve all the benefits to SGLT therapy while mitigating DKA risk.
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Product Theaters

Improving Glycemic Control in Type 1 Diabetes - The Role of Insulin-Independent
Pathways (Sponsored by Lexicon/Sanofi)

Yehuda Handelsman, MD (Metabolic Institute of America, Tarzana, CA)

In a packed lunchtime session, Dr. Yehuda Handelsman highlighted the unmet need for adjunct therapies in
type 1 diabetes. As well, he advocated for a perspective shift to emphasize outcomes beyond A1c. Dr.
Handelsman established hypoglycemia, hyperglycemia, and time-in-range as equally important metrics of
successful type 1 diabetes management, citing one study in which a patient with A1c <7% was still spending
nine hours a day out of range. Moreover, he showed that time-in-range is deeply important to patients: In
another study, "blood glucose numbers in range all day" was far and away the number one factor for
emotional well-being among type 1 patients (Runge et al., 2017). Dr. Handelsman professed hope that
SGLT-1s, SGLT-2s, and even GLP-1s and glucagon could be effective adjunct therapies in type 1, and he
stressed the importance of increasing research on their efficacy. To be sure, there's plenty of published data
pointing to the value of SGLT inhibitors in type 1 diabetes (this was a major theme of ADA 2018 overall), and
two molecules have already been submitted to regulatory authorities for a type 1 indication (Sanofi/Lexicon's
SGLT-1/2 dual inhibitor sotagliflozin and AZ's SGLT-2 inhibitor dapagliflozin). Why do we need adjunct
therapies? Dr. Handelsman discussed sobering numbers on current type 1 diabetes care with insulin alone,
which include very high rates of hypoglycemia, weight gain and obesity concerns, and the emotional burden of
day-to-day management. SGLT inhibitors could help address all of these current problems - according to Dr.
Satish Garg, the weight loss associated with these agents keeps type 1s coming back for more of the drug, and
Dr. John Buse has noted that greater time-in-range is the most apparent benefit for type 1s (currently using
these drugs off-label). Dr. Handelsman mentioned 8-13 years lower life expectancy for type 1s vs. the
background population, 75% of patients not reaching A1c <7% as recommended by ADA, patients averaging
two episodes of symptomatic hypoglycemia per week, and 51% of patients reporting nocturnal hypoglycemia
as their biggest worry. All of these concerns contribute to patients not taking insulin as prescribed and lead to
worse clinical and quality of life outcomes. We are in complete agreement with Dr. Handelsman regarding the
need for adjunct type 1 therapies and regarding the push toward time-in-range and other glycemic outcomes
beyond A1c. We were particularly excited to see a large number of audience hands go up when asked "do you
emphasize the importance of time-in-range to your patients?" and "do you try non-insulin methods for
treating your T1D patients?".

Posters

Liraglutide as an Additional Treatment to Insulin in Patients with Type 1 Diabetes
Mellitus - A 52-Week Randomized Double-Blinded Placebo-Controlled Clinical
Trial

P Dandona, H Ghanim, ND Kuhadiya, T Shah, JM Hejna, A Makdissi, M Batra, A Chaudhuri

Is there still hope for GLP-1s as adjunct therapy in type 1 diabetes? Novo Nordisk declined to move forward
with liraglutide for type 1 after modest phase 3 results, but Dr. Paresh Dandona conducted another year-long
trial in which the agent showed promise. We note that this was a much smaller study (n=46) than Novo
Nordisk's ADJUNCT ONE (n=1,398), but we were nonetheless struck by the 0.6% placebo-adjusted A1c
decline with liraglutide (p=0.006), from a baseline 7.9%. For context, liraglutide gave a placebo-adjusted A1c
reduction of only 0.2% in ADJUNCT ONE, and Dr. Dandona's RCT found glycemic benefit on par with SGLT
inhibitors in type 1 diabetes (e.g. 0.4% estimated treatment difference with dapagliflozin in DEPICT-2).
Placebo-adjusted weight loss was ~6 lbs on average with adjunct liraglutide (baseline ~185 lbs, p=0.041).
There was no significant difference in total daily insulin dose between the two treatment arms at the end of
the trial. Moreover, hypoglycemia events and time spent <70 mg/dl were balanced across groups; however,
CGM was only used for four weeks total, and we wonder what the time-in-range data would look like across all
treatment exposure. Importantly, these findings all trend in liraglutide's favor, whereas results in ADJUNCT

www.closeconcerns.com 120

http://clinical.diabetesjournals.org/content/early/2017/12/20/cd17-0094
https://www.closeconcerns.com/knowledgebase/r/7bea554c#Adjunct_Therapy_for_Type_1_Diabetes_Takes_Center_Stage:_New_Data_Galore_on_SGLTs_GLP-1s_Metformin_in_T1D_Consensus_Meeting_Brings_30_Thought_Leaders_Together_to_Discuss_DKA_Potential_for_Type_
https://www.closeconcerns.com/knowledgebase/r/8e54d6b1
https://www.closeconcerns.com/knowledgebase/r/e6fff9af
https://www.closeconcerns.com/knowledgebase/r/ab3814ef
https://clinicaltrials.gov/ct2/show/NCT01836523?term=adjunct+one&rank=1
https://www.closeconcerns.com/knowledgebase/r/ab3814ef


ONE were more mixed. That liraglutide (branded as Victoza for type 2 diabetes) could offer type 1s additional
glucose-lowering without additional hypoglycemia risk is an exciting prospect, and we wonder if there's
lingering interest in pursuing a type 1 indication for this drug. Victoza's patent expiry is somewhat imminent
(expected around 2022/2023). Perhaps generic liraglutide could be an effective and highly-affordable adjunct
to insulin for people with type 1 diabetes, if further clinical trials corroborate what we saw on this late-
breaking poster. ADA also issued a press release alongside. One thing's for sure: There is so. much.
enthusiasm. for adjunct type 1 diabetes therapy at this meeting.

▪ In a call with our team, Novo Nordisk's CMO in North America Dr. Todd Hobbs said
it's unlikely the company will revive the type 1 program for Victoza. He elaborated on the
ADJUNCT study results, explaining that investigators saw a lot of heterogeneity. Some people with
type 1 diabetes experienced meaningful A1c-lowering and weight loss, while others didn't respond as
positively, leading to underwhelming mean values. Dr. Hobbs acknowledged the tremendous
enthusiasm around SGLT inhibitors in type 1 diabetes as a defining theme of ADA 2018, but
reiterated that this "won't make it more likely for us to re-open our situation with liraglutide as an
adjunct in type 1."

Fifty-Two-Week Efficacy and Safety of Sotagliflozin, a Dual SGLT1 and SGLT2
Inhibitor, as Adjunct Therapy to Insulin in Adults with Type 1 Diabetes (The
European inTandem2 Study)

T Danne, B Cariou, PL Banks, M Brandle, H Brath, E Franek, JA Kushner, P Lapuerta, DK
McGuire, AL Peters, S Sawhney, P Strumph

Sanofi/Lexicon's sotagliflozin was associated with significant A1c reductions and weight loss over 52 weeks in
the European inTandem2 study (n=782 patients with type 1 diabetes). We saw 24-week data on a poster at
ADA 2017 and topline results from this trial extension in an August press release, all leading up to this ADA
2018 poster. After one year, inTandem2 participants randomized to 200 mg sotagliflozin (n=261) saw a 0.2%
placebo-adjusted drop in A1c (p<0.001, baseline A1c 7.7%). Those randomized to 400 mg daily of the
SGLT-1/2 dual inhibitor saw a 0.3% placebo-adjusted drop in A1c (p<0.001). Body weight fell ~5 lbs with 200
mg sotagliflozin and ~6 lbs with 400 mg sotagliflozin after one year (both p<0.001, baseline BMI 28 kg/m2).
Per the 24-week results, both doses of sotagliflozin gave a 0.4% placebo-adjusted A1c reduction (p<0.001),
and some attenuation of this effect is not out of the ordinary. DKA rates from the inTandem2 extension were
previously reported in Lexicon's topline announcement: There were no episodes of DKA in the placebo group
vs. six in the 200 mg sotagliflozin group (2%) and nine in the 400 mg sotagliflozin group (3%). At this point,
there's little disputing that DKA is a risk of oral adjunct treatments in type 1, so these results were not
surprising either. Now that sotagliflozin has been submitted to FDA and EMA (intended brand name
Zynquista), it's essential that the field reach consensus on best practices for DKA risk management in these
patients, which was precisely the goal of the ATTD Consensus meeting gathered yesterday - read all about it
here. Notably, AZ has also filed SGLT-2 inhibitor dapagliflozin in Europe and Japan for a type 1 diabetes
indication, and the company has a parallel FDA filing planned for 2H18.

Long-Term Efficacy and Safety of Dapagliflozin in Patients with Inadequately
Controlled Type 1 Diabetes - The DEPICT-1 Study

P Dandona, C Mathieu, M Phillip, L Hansen, D Tschoepe, FA Thoren, J Xu, AM Langkilde

One-year data from DEPICT-1 was presented on a late-breaking poster, and showed the efficacy + small-but-
serious DKA risk associated with AZ's SGLT-2 inhibitor dapagliflozin when given as adjunct to insulin in type
1 diabetes. This follows the 24-week results presented by Dr. Paresh Dandona at EASD 2017. A1c climbed
back up slightly in the DEPICT-1 extension period, but was still significantly lower at 52 weeks with
dapagliflozin vs. placebo. The 5 mg dose gave a 0.33% A1c drop vs. placebo, while the 10 mg gave a 0.36%
placebo-adjusted A1c drop (both p=0.06). As we heard last September, placebo-adjusted A1c reduction was
0.4% and 0.5% with low- and high-dose dapagliflozin after 24 weeks. At 52 weeks, body weight declined
further in the 10 mg dapagliflozin arm for total 5% weight loss vs. placebo; for comparison, placebo-adjusted
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weight loss was 4% at 24 weeks. Weight loss with 5 mg dapagliflozin was stagnant from 24 weeks to 52 weeks
at 3% vs. placebo, suggesting a dose-dependent effect on body weight in particular. On the critical safety
endpoint of DKA, there were 12 definite events (11 individuals) in the lower-dose dapagliflozin group (4%
event rate), 10 definite events (10 patients) in the higher-dose group (3%), and five definite events in five
patients in the placebo group (2%). This reflects a notable imbalance, which wasn't reported as part of
24-week data on DEPICT-1, but Prof. Chantal Mathieu explained earlier at ADA that there was a higher rate of
DKA in the placebo arm of DEPICT-1 in the first 24 weeks. Ten of 27 total DKA events in this study were
assessed as mild, 10 were assessed as moderate, and seven were labeled severe. Moreover, seven episodes
were attributed to insulin pump failure, nine to missed insulin dose, six to "other," and five to "unidentified."
An additional 27 events were adjudicated as "possible DKA" and 38 events were "unlikely DKA." All in all,
these data have little bearing on our evaluation of DKA risk with SGLTs in type 1: The risk increase remains
small but very clinically meaningful, and it's a class effect. The field must establish clear standards on risk
mitigation and DKA treatment before these drugs are (hopefully) approved with a type 1 diabetes indication.
AZ has already submitted dapa for type 1 in Europe and Japan (FDA filing is planned for 2H18), while Sanofi/
Lexicon have submitted SGLT-1/2 dual inhibitor sotagliflozin to FDA and EMA. We anticipate an Advisory
Committee meeting in the US (sometime around January), and DKA will most definitely be a key topic of
conversation there. To hear where thought leaders stand on DKA risk management practices when
prescribing SGLTs to type 1s, read our coverage of the ATTD Consensus gathering hosted on Friday;
importantly, there's already strong agreement among KOLs that the benefits outweigh the risks with this
therapy class.

Glucose Variables in T1D Studies with Dapagliflozin - Pooled Analysis of
Continuous Glucose Monitoring Data from DEPICT-1 and 2

C Mathieu, P Dandona, M Phillip, T Oron, L Hansen, FA Thoren, J Xu, AM Langkilde

Another poster featured pooled 24-week CGM data from DEPICT-1 and 2 together (n=1,591), showing a 9%
increase in time-in-range with 5 mg dapagliflozin and an 11% increase with 10 mg vs. placebo. This translates
to ~2.2 and ~2.6 additional hours in range per day, essentially identical to the DEPICT-1-only CGM results
presented at EASD 2017. As with the inTandem1 and 2 pooled CGM data (this is Sanofi/Lexicon's clinical
program for sotagliflozin) the time-in-range increase occurred almost entirely at the expense of
hyperglycemia, as time spent ≤70 mg/dl or ≤54 mg/dl was not significantly changed. Over 24 weeks, MAGE
also fell 13% with 5 mg dapagliflozin and 14% with 10 mg dapagliflozin, from 171 mg/dl to 155 mg/dl, as
compared to placebo. Finally, a significant effect was detected on postprandial glucose readings, which fell
from 199 mg/dl to 193 mg/dl on average with 5 mg dapagliflozin and from 197 mg/dl to 187 mg/dl with 10
mg. It's impossible to over-emphasize how meaningful these time-in-range improvements can be for patients,
particularly considering they don't increase risk for hypoglycemia. We only hope that FDA and other
regulators understand the tremendous value of this benefit while also discussing DKA risk.

Simplici-T1 - First Clinical Trial to Test Activation of Glucokinase as an Adjunctive
Treatment for Type 1 Diabetes

J Buse, C Valcarce, J Freeman, I Dunn, C Dvergsten, M Kirkman, A Kass, J Diner, K Bergamo

This poster presented data from the first phase (n=5) of vTv's Simplici-T1 trial, which is evaluating an oral,
liver-selective glucokinase activator as an adjunct treatment in type 1 diabetes. The candidate, TTP399, is now
in phase 2, and has received $3 million funding from JDRF. Initial results spanning one week showed that
TTP399 was well-tolerated; there were no instances of DKA or severe hypoglycemia. All participants were on
an insulin pump and used CGM, and time-in-range improved meaningfully with all doses of the glucokinase
activator: +12% with the 400 mg dose, +28% with the 800 mg dose, and +7% with the 1,200 mg dose. There
are remarkable improvements in our view, though we understand this was an extremely short study and we'll
wait for longer-term results before making an assessment. The phase 2 trial is designed to last 12 weeks, and
is expected to complete in December 2019 according to ClinicalTrials.gov. Funding from JDRF is certainly a
vote of confidence in vTv's type 1 candidate. Previous studies in type 2 diabetes have reported significantly
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smaller postprandial glucose excursions, improved time-in-range, and less time spent in hyper or
hypoglycemia.

Corporate Symposium: The Mechanistic and Therapeutic Rationale for
Dual SGLT-1/2 Inhibition in Adults with Type 1 Diabetes (Sponsored by
Sanofi)

Unmet Therapeutic Needs in Adult Patients with Type 1 Diabetes

Robert Henry, MD (UCSD, San Diego, CA)

Former ADA president Dr. Robert Henry kicked off this symposium with a sweeping overview of the
shortcomings in current type 1 diabetes therapies. On the insulin delivery front, he acknowledged that pumps
are overall more efficacious than multiple injections, but also noted that they require a much better
understanding by the patient. As to be expected, Dr. Henry extolled CGM for its beneficial effects on long-
term outcomes, expressing optimism for the future of glucose monitoring. Dr. Henry concluded by declaring
his hope that islet cell transplantation may eventually be a major player in the type 1 diabetes "cure"
landscape - an optimism that we found compelling although speculative.

The Mandate to Optimize Comprehensive Glycemic and Metabolic Management in
Adult Patients with T1DM

Melanie Davies, MD (University of Leicester, UK)

Professor Melanie Davies highlighted the unmet need for adjunct type 1 diabetes therapies (to be used in
conjunction with insulin) and the somewhat disappointing results of trials of metformin or GLP-1 agonists to
address that need. Drawing from T1D Exchange data, Prof. Davies emphasized that - despite significant
advances in diabetes technology - less than a fifth of children and adolescents and less than a third of adults
are able to achieve recommended A1c goals. She also underscored that too many patients continue to
experience complications related to severe highs or lows. In the data she presented, 3% of patients with type 1
diabetes had suffered an episode of diabetic ketoacidosis (DKA) and 6% had a seizure or had lost
consciousness due to hypoglycemia in the previous three months. Beyond the challenges of glucose
management, Prof. Davies pointed out that many type 1s struggle with cardiometabolic disease as well. In
particular, she noted that a significant portion of patients with type 1 diabetes have overweight/obesity and
that CV risk remains a major concern in type 1. Given this slate of challenges in type 1 diabetes care, Prof.
Davies argued that we desperately need adjunct therapies to insulin in our armamentarium. Unfortunately,
neither metformin nor GLP-1 agonists have demonstrated clear efficacy in type 1. She reviewed results from
the REMOVAL trial of metformin (first presented at ADA 2017), which found no difference between
metformin and placebo on the primary outcome of carotid intima media thickness (cIMT, a CV risk marker)
and only modest advantages for metformin in terms of A1c, body weight, and reduction in insulin dose. She
summarized these findings as indicating that "metformin doesn't appear to be the magic bullet." Regarding
GLP-1s, Prof. Davies acknowledged the compelling rationale behind their adjunctive use, but suggested that
the interest in pursuing these agents for type 1 diabetes has waned significantly since the release of ADJUNCT
ONE and TWO results, which found that Novo Nordisk's Victoza (liraglutide) increased both symptomatic
hypoglycemia and hyperglycemia with ketosis in patients with type 1. This talk nicely set up for presentations
by Drs. Satish Garg and John Buse on the promise of SGLT inhibitors as adjunct treatment in type 1 diabetes
(continue reading below).
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From Evidence and Data to the Front Lines of T1DM Management: The
Mechanistic and Therapeutic Rationale for Dual SGLT-1/2 Inhibition in Adults
with Type 1 Diabetes

Satish Garg, MD (University of Colorado, Denver, CO)

Dr. Satish Garg began his pitch for Sanofi/Lexicon's SGLT-1/2 dual inhibitor sotagliflozin with an emphatic
call-to-action: "Patients with type 1 diabetes are not doing well (in reference to across-the-board increases in
A1c in the past five years) because we are not offering them the best therapies and the best choices." After this
expert setup, the audience was eager for some good news in the type 1 therapy landscape, and Dr. Garg did
not disappoint: He teased a battery of results from the inTandem studies, including a dose-dependent
increase in time-in-range with sotagliflozin relative to placebo and decreases in A1c, systolic blood pressure,
and body weight. Dr. Garg noted that there was a statistically significant increase in DKA in the groups taking
sotagliflozin compared to placebo, but he maintained his firm view that SGLT-1/2 dual inhibitors and SGLT-2
inhibitors have the potential to improve glucose control and quality of life for patients with type 1 diabetes.
We couldn't agree more, and while DKA risk with SGLT use is a very real and serious concern for type 1s, we
believe this risk is manageable and that it should not overshadow the tremendous benefits to sotagliflozin
therapy (again, the time-in-range improvement and weight loss). As an adjunct therapy currently under FDA
review (with a decision expected in 1Q19), sotagliflozin could be a game-changer as the first SGLT inhibitor on
the market for type 1 diabetes; Sanofi has announced the intended brand name as Zynquista. AZ has also
submitted SGLT-2 inhibitor dapagliflozin for a type 1 indication in Europe and Japan, and the company is
excepted to file with FDA in 2H18. Needless to say, we are eagerly awaiting the FDA's verdict on these oral
adjuncts for type 1 diabetes. We imagine DKA will be a major topic of discussion at regulatory meetings,
though we're hoping that FDA also accepts CGM data on these candidates and recognizes the value of time-in-
range metrics.

The Evolving Landscape of Sodium-Glucose Co-Transporter (SGLT-1 and SGLT-2)
Inhibitors

John Buse, MD (UNC, Chapel Hill, NC)

The great Dr. John Buse anchored this corporate symposium, elucidating the pathophysiology behind renal
glucose handling and describing the promising role of SGLT-1/2 dual inhibitors from a mechanistic
perspective. Dr. Buse suggested that the role of the kidneys in glucose metabolism is underappreciated by
most people, considering that the kidney processes ~180 g/day of glucose, which is similar to average total
daily carbohydrate consumption. He emphasized that Sanofi/Lexicon's sotagliflozin is uniquely differentiated
as a SGLT-1/2 dual inhibitor, while other agents in this class are quite selective SGLT-2 inhibitors. The
SGLT-1 inhibition of sotagliflozin is particularly significant, he explained, because it blocks absorption of
glucose in the gut and produces a smaller postprandial glucose excursion. He pointed out that sotagliflozin
does not block SGLT-1 channels in the kidneys because the renal concentration of the drug does not rise high
enough to impact SGLT-1, though the agent does still inhibit SGLT-2 in the kidneys.

Questions and Answers

Q: Which has much more beneficial effects for type 1 diabetes: SGLT-1 inhibition or SGLT-2
inhibition?

Dr. Garg: I wish we could answer, but there is no SGLT inhibitor that is an exclusive type 1 diabetes treatment.
As we have shown you in the data from inTandem, inhibition of both SGLT-1 and 2 is likely to get a better
response than SGLT-2 alone. Unfortunately, we do not have any other data to draw on, so we cannot answer
that question yet.

Q: I want to ask about UTIs and the fact that there didn't appear to be an increase in the
SGLT-2 inhibitor data you showed.

Prof. Davies: That was certainly the case. The data on UTI in SGLT-2 inhibitors is a little underwhelming in
terms of a big increase. Some meta-analyses indicate there's no increase in UTI.
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Q: Under normal physiological conditions, very little glucose from the meal reaches the distal
small intestine. What is the effect on gut microbiota of increased glucose delivery to the distal
small intestine with SGLT-1 inhibition?

Dr. Garg: This is the most important question associated with SGLT-1 inhibitors. Given the same meal on two
different days, you can have a different postprandial glucose response. There are lots of hypotheses that this is
driven by microbiota. If you increase gut glucose absorption, will that change gut microbiota? I firmly believe
that this needs to be investigated and can be a helpful mechanistic explanation for SGLT-1/2 inhibition.

Dr. Henry: What are your feelings about this session and the major takeaway?

Dr. Garg: We are not doing well enough in terms of type 1 diabetes care. We've been using insulin for close to
100 years. I think it's time to go beyond insulin. Look at type 2 diabetes - they use multiple therapies. Whether
you're glucose-centric or looking at the whole patient, we need to go beyond insulin.

Prof. Davies: I agree. There's still a really big gap in type 1 diabetes and I think we can apply what we learned
in type 2 to help type 1s achieve better outcomes. I do hope we get more data to learn more about long-term
outcomes.

Dr. Henry: I hope we get more research into SGLT inhibition - the potential in type 1 diabetes is immense as
long as we can do it safely.

Insulin Therapy

Oral Presentations: Hypoglycemia - Reducing the Risk

Insulin Degludec Has Lower Hypoglycemia Risk than Insulin Glargine U100 in
Older People with Type 2 Diabetes (T2D)

Simon Heller, MD (University of Sheffield, UK)

Professor Simon Heller presented a post-hoc analysis of Novo Nordisk's SWITCH 2 trial (n=720), which
assessed hypoglycemia in people with type 2 diabetes started on Tresiba (insulin degludec) vs. Sanofi's Lantus
(insulin glargine U100). Tresiba offered significant benefit on severe or blood glucose-confirmed symptomatic
hypoglycemia in the study population overall (HR=0.70, p<0.0001), and this held true for participants older
and younger than 65. As shown in the figure below, Tresiba gave a 30% hypoglycemia risk reduction vs.
Lantus in the subgroup >65 (HR=0.70, 95% CI: 0.56-0.88, p=0.0023), and a similar, 31% relative risk
reduction in the subgroup ≤65 (HR=0.69, 95% CI: 0.58-0.83, p=0.0001). Severe hypoglycemia events were
not significantly reduced by Tresiba vs. Lantus in either cohort, but it's important to keep in mind that
SWITCH 2 was not powered for this sub-analysis. Prof. Heller ultimately concluded that "regardless of age,
degludec is associated with a lower risk of hypoglycemia compared to insulin glargine" - this conclusion is also
supported by SWITCH 1 (n=501 type 1s) and DEVOTE data (n=7,637 type 2s facing high CV risk), the latter of
which was recently added to the US Tresiba label. Since patients >65 years may face higher risk of
hypoglycemia, it's noteworthy that next-gen basal insulin degludec is not only safe, but clinically
advantageous for this population. That said, as Newcastle's Prof. Philip Home aptly pointed out during Q&A,
age itself is relatively meaningfulness in determining risk for hypoglycemia (among other complications) - it's
frailty that really matters. In response, Prof. Heller agreed that this is a knowledge gap for the diabetes field,
that we need more clinical research enrolling frail patients. In SWITCH 2, older age was associated with
longer diabetes duration (15 vs. 12 years) and lower mean eGFR (64 ml/min/1.73m vs. 87 ml/min/1.73m ),22

which like frailty, could be confounding factors that really drive the patient differences mistakenly attributed
to age.

▪ It's worth noting that FDA chose to keep SWITCH 1 and 2 results off the Tresiba label,
even when adding DEVOTE data. Where both SWITCH studies measured severe or blood
glucose-confirmed symptomatic hypoglycemia as the primary endpoint, DEVOTE recorded
adjudicated severe hypoglycemia events requiring external assistance. To FDA, the latter is a more
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meaningful outcome. We're waiting (impatiently) for the day when all regulators appreciate all
hypoglycemia as clinically relevant, particularly because any time below 70 mg/dl lowers a patient's
time-in-range and suppresses quality of life. EMA did approve the addition of both SWITCH and
DEVOTE findings to Tresiba's European label, and we were excited to see heavy marketing of these
updates at IDF 2017. New analyses like this one, which underscore the robustness of SWITCH data,
amplify our disappointment at FDA's decision to incorporate DEVOTE results only though of course
we recognize it as a start and know how challenging the FDA's role is. We want patients and
providers everywhere to learn of this advanced basal insulin with a superior PK/PD profile to first-
generation insulin analogs.

Select Questions and Answers

Professor Philip Home (Newcastle University, UK): I wonder if it's about time we stopped
using age as a discriminant like this. Really, what I'm interested in is the patient with frailty.
My stepmother will be 90 next month, and she's not frail. We need to address this really
serious problem of whether we should be targeting these sorts of insulins to frailer, more ill
people.

Prof. Heller: I completely agree with you. In the pilot study IMPERIUM, we tried to do just that, recruit an
elderly group. And when we did, we found that even the elderly patients who were recruited weren't frail
because frail people don't participate in these kinds of trials. While the gold standard RCT is ideal to answer
this question, in practice it's difficult. We'll continue to do post-hoc analyses like this, though those come with
limitations. If anyone is brave enough to do trials in the really elderly/frail, I would fully support that because
I agree we need that data.
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Professor Kamlesh Khunti (Leicester Diabetes Center, UK): I see great advantages of newer
insulins for those living home alone. We really need to start taking pragmatic trials into
consideration to investigate this.

CV Safety and Severe Hypoglycemia Benefit of Insulin Degludec vs. Insulin
Glargine U100 in Older Patients (≥65 Years) with Type 2 Diabetes - Observations
from DEVOTE

Richard Pratley, MD (Florida Hospital Diabetes Institute, Orlando, FL)

Immediately after presenting a post-hoc analysis of SUSTAIN 7, Dr. Richard Pratley jumped conference
rooms to share this new data from DEVOTE. This Novo Nordisk CVOT (n=7,637 type 2s) was first presented
at last year's ADA, showing significant benefit to next-gen basal insulin Tresiba (degludec) vs. standard of care
Lantus (glargine) on severe hypoglycemia and severe nocturnal hypoglycemia. Additionally, Tresiba
demonstrated compelling CV safety on three-point MACE and all-cause mortality. Dr. Pratley highlighted the
consistency of these results across age groups (50-64, 65-74, and ≥75 years-old). For example, severe
hypoglycemia risk was 41% lower with Tresiba vs. Lantus in patients 50-64 (RR=0.59, 95% CI: 0.42-0.82) and
in those 65-74 (RR=0.59, 95% CI: 0.41-0.84). Severe hypoglycemia events were numerically less common
with Tresiba vs. Lantus in the ≥75 age group, though this did not reach statistical significance (RR=0.74, 95%
CI: 0.37-1.46). Dr. Pratley emphasized that this oldest cohort comprised only 819 patients (vs. 3,682 in the
youngest cohort and 3,136 in the middle cohort); it seems likely that this analysis was under-powered,
especially given the wide confidence interval. Tresiba was non-inferior to Lantus on three-point MACE (non-
fatal MI, non-fatal stroke, CV death) and all-cause death across all age groups, corroborating the overall safety
of this advanced product compared to other basal insulins. While we've been more focused on the very
positive hypoglycemia data from DEVOTE since last year, Novo Nordisk management has pointed out that
having the CV safety data on the Tresiba label is also incredibly valuable: As a reminder, the company's first
NDA for Tresiba received a Complete Response Letter (CRL) for reasons related to CV risk, and if any
concerns still linger, the recent FDA label update to incorporate DEVOTE data should hopefully put them to
bed.
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Oral Presentations: Innovations in Insulin Formulation and Delivery

Improved Postprandial Blood Glucose (PPBG) Excursions with Technosphere
Inhaled Insulin (TI) Compared with Aspart in T1D Patients - STAT Study

Satish Garg, MD (University of Colorado, Denver, CO)

MannKind's inhaled insulin Afrezza was superior to Novo Nordisk's NovoLog (insulin aspart) on postprandial
glucose and time-in-range in the STAT study, presented Monday afternoon by Dr. Satish Garg. This head-to-
head trial used CGM (Dexcom G5) in 60 type 1s (26 randomized to inhalable insulin and 34 to aspart). After
four weeks, glucose levels 1-4 hours post-meal were 15% lower (-20 mg/dl) in the Afrezza group compared to
the NovoLog group (p<0.05); notably, patients experienced this significant postprandial benefit regardless of
whether they were at least 80% adherent to Afrezza. By meal, postprandial glucose excursions were 20% (-24
mg/dl) lower at breakfast and 25% (-36 mg/dl) lower at lunch with Afrezza vs. NovoLog (p=0.04 and
p<0.001, respectively). There was no significant difference in postprandial glucose excursions after dinner,
and Dr. Garg explained that patients were understandably reluctant to take additional boluses due to fear of
overnight hypoglycemia. MannKind's exhibit hall booth highlighted this unique ability to take additional
adjustment boluses with ultra-rapid-acting Afrezza, particularly when used in conjunction with CGM.
Continuing to time-in-range data, Dr. Garg pointed to a 12% increase (1.5 hours) in patients who adhered to
their Afrezza regimen compared to patients on NovoLog (p<0.005). We see 1.5 additional hours of time-in-
range per day as a very meaningful outcome for patient quality of life. Ultimately, Dr. Garg spoke highly of
Afrezza as filling an unmet need in diabetes care for faster mealtime insulin that better addresses postprandial
glycemia, and he attributed these positive findings to Afrezza's very rapid onset (~12 minutes to first
measurable effect) and offset (~90-180 minutes to return to baseline, depending on dose). We've been eager
for this readout ever since MannKind announced the STAT study, and we'd love to next see a larger, longer
trial assessing glycemic outcomes beyond A1c (Dr. Garg described this as a pilot).

www.closeconcerns.com 129

https://www.closeconcerns.com/knowledgebase/r/14c361df#MannKind


Pharmacodynamic Effect of Novel Oral Insulin Tregopil in Relation to Meal
Composition in Type 2 Diabetes Mellitus Patients

Harold Lebovitz, MD (SUNY Health Science Center, New York, NY)

SUNY's Dr. Harold Lebovitz presented results from a PK/PD study of Biocon's phase 3 oral Insulin Tregopil,
suggesting that the candidate could join the new class of ultra-rapid-acting mealtime insulins (Novo Nordisk's
Fiasp, MannKind's Afrezza). People with type 2 diabetes (n=18) were given 30 mg of Insulin Tregopil or
placebo 20 minutes prior to eating meals of varying nutrition content. The oral bolus produced maximum
plasma glucose reductions of 42 mg/dl, 38 mg/dl, and 33 mg/dl following a standard ADA-recommended
meal, a high-fiber ADA-recommended meal, and a high-fat ADA-recommended meal for breakfast. Five hours
later at lunch, Insulin Tregopil produced maximum plasma glucose reductions of 29 mg/dl, 17 mg/dl, and 38
mg/dl, respectively. In all cases, peak glucose-lowering was observed 37-47 minutes post-dose - Dr. Lebovitz
underscored that this is consistent with an ultra-rapid-acting profile. For comparison, the peak action for
Fiasp (faster-acting insulin aspart) is 1.5-2 hours, while the peak action for inhaled insulin Afrezza is 35-45
minutes. We'd be interested to see a head-to-head comparison of the onset and offset times (e.g. Adocia
conducted one such head-to-head PK/PD study comparing BioChaperone Lispro vs. Fiasp). Importantly,
there was no statistical difference in Tregopil's PD response according to meal composition when taken 20
minutes prior to eating. This dosing scheme (and lack of apparent constraints on food choice) seems quite
convenient compared to others we've seen for oral formulations of peptide drugs: With oral semaglutide, for
instance, patients must refrain from eating ~six hours before taking the drug and for ~30 minutes thereafter.
(Novo Nordisk management has suggested that these dosing specifications don't significantly deter
adherence, though it is an extra variable for patients to think about). A pivotal phase 2/3 study of Insulin
Tregopil in people with type 2 diabetes was initiated in 4Q17 in India, and a separate phase 2 study in type 1
diabetes is slated to take place in Europe in partnership with the JDRF. To be sure, there are technical
challenges bound to arise with oral mealtime insulin, particularly with regard to bioavailability and insulin's
narrow therapeutic range. Our expectations for oral insulin in general have been measured since Novo
Nordisk discontinued its phase 2 candidate in 3Q16 (an oral basal insulin), though we are excited by Biocon's
commitment to this area of R&D, because certainly if oral insulin pans out it could drastically improve patient
quality of life.

BioChaperone Technology Enables the Development of Pramlintide-Prandial
Insulin Combinations

Gregory Meiffren, PhD (Adocia, Lyon, France)

Dr. Gregory Meiffren, Adocia's Director of Biology and PK/PD, revealed that the company's new
BioChaperone Pramlintide Insulin co-formulation is compatible with use in insulin pumps. The drug
candidate, which contains 100 units/ml human insulin and 600 ug/ml of the amylin analog pramlintide (AZ's
Symlin), showed stability in a pump for over a week, with insulin and pramlintide recoveries >95% and a
particle-free formulation (a positive sign for lack of clogging). Outside a pump, BC Pramlintide Insulin
showed stability over a long shelf life (two years at 2-8ºC and four weeks at 30ºC). In our view, positioning
this product for pump use is a strategic move for the company. Amylin analogs such as Symlin are effective for
postprandial glucose control in both type 1 and type 2 diabetes, but this class has failed to gain substantial
commercial traction - in large part (though not solely) due to the additional injection burden, hence the value
of a co-formulation with insulin and positioning in pumps. At Diabetes Canada 2017, Dr. Matthew Riddle
went as far as to say that amylin analogs (alongside short-acting GLP-1 agonists) are the "future of optimal
prandial glucose control," alluding to a study of his from ADA 2017 demonstrating improved postprandial
control using dual infusions of pramlintide and human regular insulin (the two components of BioChaperone
Pramlintide Insulin) vs. rapid-acting insulin alone in 31 type 1s. CGM data revealed that post-meal blood
glucose was >180 mg/dl only 3% of the time with pramlintide vs. 39% of the time with placebo (p=0.03).
Replicating these study conditions with a convenient, pumpable insulin/pramlintide combination product
could be game-changing for type 1 diabetes management. We're looking forward to the first phase 1 results
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from BC Pramlintide Insulin, expected in 3Q18 according to Adocia's latest earnings update, and to any
concrete updates from Adocia on when a pump study could begin.

▪ With an insulin/pramlintide co-formulation now in development, we can't help but
wonder about the feasibility of a "triple hormone" artificial pancreas. After all, the
pancreas naturally secretes amylin alongside insulin and glucagon, so this would be the closest
possible way to simulate a naturally functioning pancreas.

Oral Presentations: Preventing and Treating Hypoglycemia

Relationship between A1C and Hypoglycemia Risk in Individual Patients
Comparing Insulin Degludec with Insulin Glargine U100

Athena Philis-Tsimikas, MD (Scripps Clinic, San Diego, CA)

Dr. Athena Philis-Tsimikas presented a sub-analysis of the SWITCH trials, demonstrating that the lower
hypoglycemia risk with Novo Nordisk's Tresiba (insulin degludec) allows for a lower A1c target than with
Sanofi's Lantus (insulin glargine) in people with type 1 and 2 diabetes. As background, SWITCH 1 showed an
11% lower rate of hypoglycemia with Tresiba vs. Lantus for people with type 1 diabetes and SWITCH 2 showed
a 30% lower rate of hypoglycemia with Tresiba vs. Lantus for people with type 2 diabetes. This SWITCH sub-
analysis further elaborated that at the individual level, a 1% drop in A1c with Tresiba translated to an 18%
increased risk of hypoglycemia in people with type 1 diabetes, but a 1% drop in A1c with Lantus translated to a
34% increased risk of hypoglycemia. In patients with type 2 diabetes, a 1% A1c decline with Tresiba translated
to a 45% spike in hypoglycemia risk, while a 1% A1c decline with Lantus translated to a 67% spike in
hypoglycemia risk. Dr. Philis-Tsimikas concluded that it's possible to reduce A1c by an additional 0.6% (type
1) and 0.7% (type 2) with Tresiba vs. Lantus without increasing the risk of hypoglycemia. This is a very useful
way to present the data, in our view, as it highlights the additional glucose control that patients could attain
without excess hypoglycemia risk or fear of hypoglycemia (both of which severely hurt quality of life). Indeed,
a lower frequency of hypoglycemia is emerging as one of the most important clinical benefits of next-
generation basal insulin (Tresiba as well as Sanofi's Toujeo); this was a major theme at ADA 2018 overall.

Efficacy and Safety of Insulin Degludec and Insulin Glargine U100 in Hospitalized
Patients with Type 2 Diabetes - An Open-Label, Randomized Controlled Study

Jun Suzuki, MD (Yokohama City University Medical Center, Japan)

Data from Yokohama City University indicate that Tresiba (Novo Nordisk's insulin degludec) is comparable
with Lantus (Sanofi's insulin glargine) for inpatient management of type 2 diabetes. In this open-label
multicenter trial presented by Dr. Jun Suzuki, 74 type 2s were randomized to basal-bolus therapy with either
Lantus or Tresiba. After 11 days, 31% of people on both basals achieved both a fasting blood glucose level of
<110 mg/dl and a two-hour postprandial blood glucose level of <180 mg/dl. Furthermore, there were no
significant differences between Tresiba vs. Lantus in terms of hypoglycemia, overall six-point SMGB profiles,
or CGM-measured glucose variability. To our knowledge, there's limited data overall on Tresiba in a short-
term hospital setting, and it's encouraging to know that this next-gen agent is appropriate for inpatient
diabetes care. We might have expected Tresiba to show superiority over Lantus on these measures, though it's
possible that degludec's advantages over first-gen insulin analogs are most apparent over the course of long-
term basal insulin therapy. Above all, we should keep in mind that this was a small study (n=74), which has
no bearing on the significant hypoglycemia benefit with Tresiba vs. Lantus seen in DEVOTE (n=7,637).
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Self- vs. Physician-Led Titration of Insulin Glargine 300 U/mL (Gla-300) -
Improved or Comparable Efficacy at Week 24 without Increased Risk of
Hypoglycemia, Irrespective of Age (<65 or ≥65 Years) - TAKE CONTROL

Krzysztof Strojek, MD, PhD (Silesian Medical University, Katowice, Poland)

Dr. Krzysztof Strojek presented Sanofi's TAKE CONTROL study, in which self-led titration of Toujeo (insulin
glargine U300) was associated with comparable - and sometimes improved - outcomes vs. physician-led
titration. After 24 weeks on Toujeo, participants with type 2 diabetes (n=631) saw a mean ~1% A1c reduction
from a baseline ~8.5% regardless of whether the insulin titration protocol was self-led or physician-led. This
held true for patients over the age of 65 (p=0.46 for heterogeneity) as well as those under the age of 65
(p=0.29), dispelling concerns about older patients' ability to self-titrate effectively. In fact, we're hearing
increasing emphasis from diabetes thought leaders that age itself is irrelevant - what does matter is cognitive
decline and frailty, and in their absence HCPs shouldn't be relaxing therapy or making any treatment
decisions based on age alone. Numerically more patients in TAKE CONTROL achieved their self-monitored
fasting plasma glucose target (80-130 mg/dl) with self-titration vs. physician titration, and again this was true
for participants >65 (81% vs. 76%) and <65 years-old (73% vs. 64%). There was no heterogeneity in the
incidence of hypoglycemia with self-led vs. physician-led titration for either <70 mg/dl hypos (33% vs. 29%
for younger adults, 34% vs. 40% for older adults) or <54 mg/dl hypos (7% for younger adults, 8% vs. 9% for
older adults).

Oral Presentations: Dynamic Approaches to Improve Glycemic Control and
Primary Diabetes Care

Cost-Related Insulin Underuse Is Common and Associated with Poor Glycemic
Control

Darby Herkert (Yale University, New Haven, CT)

Ms. Darby Herkert presented the results of a cross-sectional survey (n=199, 56.2% response rate) from the
Yale Diabetes Center (YDC) which indicated that >25% of patients underuse insulin due to cost. What's more,
these patients underusing insulin are more than 3x as likely to have an A1c ≥9%. Survey participants were
type 1s or type 2s older than 18 who had been prescribed insulin within the past six months; all were
outpatients at the YDC between June-August 2017. Insulin underuse was measured by the following
questions: "In the past 12 months, did you … (i) use less insulin than you were prescribed; (ii) try to stretch
out insulin; (iii) take smaller doses of insulin than prescribed; (iv) stop insulin; (v) not fill an insulin
prescription; or (vi) not start insulin … because of cost?" Multivariable analyses were used to delineate the
characteristics most significantly associated with insulin underuse and poor glucose control. Of the 199
patients who participated, 25.2% answered "yes" to one or more of these questions. Those in a middle income
bracket ($25,000-$100,ooo annual salary) were more likely to underuse insulin vs. those earning >$100,000
each year in salary. Interestingly, patients in a lower income bracket (<$25,000/year) reported slightly less
cost-related insulin underuse compared to their counterparts in the middle bracket (although insulin
underuse was still more common compared to the highest income bracket). Ms. Herkert suggested that this
may be explained by eligibility for Medicare. Nevertheless, patients with prescription drug coverage co-
sponsored by the government were overall more likely to underuse insulin vs. patients with employer-
sponsored prescription drug coverage. Lastly, cost-related insulin underuse was significantly correlated with
poor glucose control (A1c above 9%), with an odds ratio of 3.12 (95% CI: 1.17-8.91). Ms. Herkert
acknowledged that this association may be only correlational due to the cross-sectional setup of the survey. Of
course, it wouldn't be surprising to see higher A1c in people sub-optimally using insulin therapy, and it's
possible that financial concerns extend to other aspects of healthcare as well (other non-insulin diabetes
meds, healthy food, etc.). With insulin prices approximately quintupling since 2004 (per Ms. Herkert's
presentation), we could not agree more with her concluding sentiment: Access to more affordable insulin - a
life-saving medication - is urgently needed.
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The Clinical and Economic Effects of Switching Medicare Beneficiaries with Type
2 Diabetes from Analog to Human Insulin

Jing Luo, MD (Brigham and Women's Hospital, Boston, MA)

Dr. Jing Luo discussed a public health intervention study piloted by CareMore, which found that switching
Medicare beneficiaries with type 2 diabetes from analog to human insulin resulted in a small increase in A1c
alongside a significantly reduced risk of reaching the Part D coverage gap (also known as the "donut hole").
CareMore evaluated data from 14,635 members who filled one or more insulin prescriptions between January
1, 2014 and December 31, 2016 (221,866 filled insulin prescriptions in total). The insulin conversion
intervention involved formulary changes, with select plans moving analog insulin products containing
glargine, detemir, or aspart from tier 6 ($0 copay) to tier 3 (~$38 copay with additional out-of-pocket
expenses in the coverage gap). Human insulin products remained on a tier with a $0 copay for all patients
participating. Altogether, the program decreased the proportion of prescriptions filled by analog insulins from
90% to 30%. Mean baseline A1c at the beginning of the study was 8.46% and decreased at a rate of 0.02% per
month (p<0.01) during 2014. Once the conversion program began in 2015, A1c rose 0.14% from baseline to
8.60% (p<0.01) at a mean rate of 0.02% per month (p<0.01). There was no significant change in A1c beyond
this point. Importantly, greater human insulin use did not significantly increase severe hypoglycemia or
hyperglycemia rates in this cohort. Patients who switched to human insulin were 55% less likely to reach the
coverage gap compared to those who stayed on analog insulin (HR=0.45, 95% CI: 0.43-0.48, p<0.001). Based
on these results, Dr. Luo suggested that HCPs should seriously consider switching patients from analog to
human insulin as a cost-saving measure. Make no mistake - we stand by the benefits of insulin analogs in the
real world, because the abundance of data points to greater hypoglycemia risk, less patient convenience, and
worse glucose control with human insulin. That said, it's true that the skyrocketing cost of insulin is forcing
more patients to revert to human insulin. As Dr. Irl Hirsch said at Endo Fellows earlier this year, some
patients today can afford CGM but can't afford an insulin analog prescription. "How crazy is that?! You can
use 2018 technology with 1980s insulin." Given this sad-but-true trend, it's important for providers to be well-
trained on how to safety and effectively use human insulin in their patients. Dr. Hirsch offered some of these
clinical pearls at Endo Fellows, and he's also co-authored papers on the subject in JAMA.

▪ It's also crucial to note some of the limitations to this study (especially before
advocating for more human insulin use in Medicare). With only severe hypoglycemia and
hyperglycemia events recorded, it's possible that moderate hypoglycemia and hyperglycemia
episodes as well as time-in-range were more significantly affected by the switch in insulin types. It's
also plausible that non-specified, co-occurring policy interventions were confounders in this analysis
(i.e. they were the actual cause of favorable results in this patient cohort).

Symposium: Insulin Therapy - To the Future and Back

Fast and Furious or Just Marketing Fiction? Expectations from New and
Developing Rapid Acting Insulins

Tim Heise, MD (Profil GmbH, Neuss, Germany)

Dr. Tim Heise reviewed available and upcoming next-generation ultra-rapid-acting insulins, ultimately
arguing that these agents offer clear improvements in PK/PD and postprandial glucose, though the evidence
for A1c or hypoglycemia improvements is still lacking. Dr. Heise reviewed a wealth of clinical data on Novo
Nordisk's Fiasp (faster-acting insulin aspart), Adocia's BioChaperone Lispro, and Lilly's ultra-rapid insulin
lispro candidate LY900014 in both type 1 and type 2 diabetes and, when available, in injectable and pump
delivery. Overall, Dr. Heise concluded that all three insulins have demonstrated faster and shorter PK/PD
profiles when compared to first-generation prandial insulin analogs in clinical trials in type 1 diabetes, type 2
diabetes, and insulin pump users. This has also translated into improvements in postprandial glucose for all
three agents in clinical trials. On the other hand, the advantages of these next-generation insulins over older
prandial analogs in terms of A1c and hypoglycemia is more uncertain, according to Dr. Heise. Only Fiasp has
demonstrated a statistically significant reduction in A1c in a clinical trial (Onset 1, presented at ADA 2016),
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but even then the A1c reduction was a relatively modest 0.15% and was only observed in a trial of type 1
diabetes. The A1c reduction was not replicated in the Onset 2 trial of Fiasp in type 2 diabetes nor the Onset 5
trial in insulin pump users. Further, none of the next-generation prandial insulins have demonstrated
superiority over first-generation analogs in terms of hypoglycemia risk. That said, Dr. Heise suggested that
the pricing parity between Fiasp and first-generation NovoLog (insulin aspart) coupled with its modest
clinical benefit may actually translate into cost-effectiveness and increased value for the newer product in type
1 diabetes. Citing one UK cost-effectiveness study, Dr. Heise highlighted that the impact of a 0.15% A1c
reduction on reduced risk of complications translates into a lifetime cost savings of £1,719 (~$2,287) per
patient. Given these projections, Dr. Heise suggested that some might take a "might as well" approach to next-
generation insulins. More compelling, in his view, is the potential for next-generation rapid-acting insulins in
fully-automated closed loop settings with intraperitoneal insulin delivery. Indeed, in Q&A, Dr. Heise shared
that he doesn't necessarily foresee future improvements in subcutaneous prandial insulins and that perhaps
alternative delivery innovations are required to really move this field forward.

Which Patients Should Receive New Ultra-Long-Acting Basal Insulin Products?

Carol Wysham, MD (University of Washington, Seattle, WA)

UW's Dr. Carol Wysham positioned ultra-long-acting basal insulins (the "next-gen" products from Novo
Nordisk and Sanofi) as a strategy to overcome clinical inertia in diabetes care. To outline the major benefits to
Novo Nordisk's Tresiba (insulin degludec) and Sanofi's Toujeo (insulin glargine U300), she reviewed results
from high-impact clinical trials including SWITCH, DEVOTE, OPTIMIZE, and BRIGHT, touching on lower
rates of hypoglycemia, increased flexibility, and convenience for patients requiring higher total daily insulin
dose. Regarding hypoglycemia, Dr. Wysham described the negative impact that even a single severe event can
have on patients with diabetes - she emphasized the psychological impact and how it can interfere with every
subsequent decision that patients makes in their diabetes management. We've seen this figure cited in
numerous conference talks: 79% of type 1s and 58% of type 2s lower their insulin doses following a severe
hypoglycemia episode, leading to suboptimal glucose control overall. Luckily, we have insulins available that
lower hypoglycemia risk, Dr. Wysham noted, pointing to Toujeo and Tresiba (which comes in U100 and U200
formulations). She lamented the low use of these newer agents (which we echo completely), pointing out that
so many patients still have above-target A1c values (>60% of type 2s and > 75% of type 1s have A1c >7%). She
attributed the disconnect to clinical inertia, but also acknowledged that the ultimate use of these advanced
products is obviously based on accessibility and affordability. To remove barriers to HCPs prescribing ultra-
long-acting basal insulins, Dr. Wysham shared clear recommendations on ideal patient candidates: She
named (i) patients at high risk for hypoglycemia (including the elderly, type 1s with hypoglycemia
unawareness, and patients with CKD), (ii) people with a variable schedule (teenagers and young adults, shift
workers, flight attendants, patients with caregivers), (ii) patients currently on BID insulin, and (iv) individuals
requiring >80 units basal per dose. Tresiba and Toujeo represent an exciting (and much-needed) advance in
diabetes care, and uptake has been rising slowly-but-steadily (to be sure, we'd love to see this go faster). In
1Q18, these next-gen products reflected 22% of the basal insulin market overall (which also includes Sanofi's
Lantus, Novo Nordisk's Levemir, and Lilly/BI's biosimilar Basaglar), up from 18% in 1Q17.

When and How to Use Neutral Protamine Hagedorn (NPH) and Regular in
Patients with Type 2 or Type 1

Dace Trence, MD (University of Washington, Seattle, WA)

With insulin prices skyrocketing, Dr. Dace Trence gave her take on NPH and regular insulins as cost-saving
but inferior options compared to available insulin analogs. She started by sharing numbers from goodrx.com:
Vials of rapid-acting insulin lispro (Lilly's Humalog) and basal insulin glargine (Sanofi's Lantus) are listed as
10x more expensive than NPH and regular insulin vials (~$300 vs. ~$25). Dr. Trence attributed low insulin
adherence to these obscene prices (and indeed, this ADA featured several oral presentations on cost-related
non-adherence in diabetes). Referencing several retrospective reviews and meta-analyses, Dr. Trence
suggested that A1c-lowering can be similar with NPH insulin (when used optimally) and analog insulin in
people with type 2 diabetes, though there's no question that NPH is associated with more weight gain and
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hypoglycemia. With respect to cost, NPH is clearly the cheaper option for patients; however, Dr. Trence made
sure to mention that savings on insulin don't always translate to savings in total healthcare costs. In one
study, insured patients treated with glargine had significantly lower total healthcare costs than those treated
with NPH insulin after one (annualized difference -$1,276, p=0.005) and two (annualized difference -$2,328,
p=0.0001) years. Diabetes-specific costs were not significantly lower in the glargine group until the two-year
mark (annualized difference -$528, p=0.001). Dr. Trence concluded that NPH and regular insulins can
function as cheap alternatives to analogs with little effect on A1c, but she emphasized that these earlier insulin
options increase the risk of hypoglycemia and may not save patients (or the health system) money in the long
term. She advised that NPH and regular insulin is used on a case-by-case basis.

▪ Dr. Trence shared some of the risky practices that her patients are being forced to use
to obtain their pricey insulin. Common coping methods include only taking insulin every other
day (no wonder population-level A1c remains so far above target), waiting for their "donut hole"
(Medicare Part D coverage gap) to elapse, or asking multiple doctors for samples. Most concerning
to Dr. Trence is that several of her patients have admitted to using samples from friends or websites;
Dr. Trence displayed a recent photo of one of these samples, which was a different type of insulin
than prescribed and had been expired for more than three years.

▪ Dr. Trence explained that NPH and regular insulin can be considered for patients with
type 1 diabetes, although only in special cases. She stressed that there is a big variation in
results between NPH and other insulins according to several studies conducted with type 1s.
However, she believes that those with very regimented lifestyles (never skip meals, high fat/protein
diets, fixed daily schedules) may see little difference in their A1c with NPH and regular insulin
compared to analogs, although again, analogs will likely have at least a mild benefit to the patient's
hypoglycemia risk.

Concentrated Insulin Products

Wendy Lane, MD (Mountain Diabetes and Endocrine Center, Asheville, NC)

Dr. Wendy Lane framed new concentrated insulins as part of the solution for the outstanding problem of how
to conveniently, efficiently, and comfortably deliver high doses of insulin to patients. Dr. Lane explained that
there is currently a major unmet need for concentrated insulin products. According to dQ&A research, Dr.
Lane said, 41% of patients with type 2 diabetes currently require >100 units of insulin per day. Large insulin
volumes are sometimes poorly and inconsistently absorbed, not to mention, they're more painful to inject. In
the "clinical advice" portion of her talk, Dr. Lane recommended that patients on MDI use a concentrated
rapid-acting insulin analog (she named Lilly's Humalog U200) as well as a concentrated basal insulin analog
(she named Novo Nordisk's Tresiba U200). For patients on pumps, she recommended a concentrated rapid-
acting analog like Humalog (lispro) U200 while using a pump that has a built-in calculator for different
insulin concentrations. Dr. Lane also listed potential pitfalls associated with concentrated insulin: For
example, concentrated insulin products do have "long tails" in their action profiles which could lead to
nocturnal hypoglycemia in patients who erroneously stack doses.

Symposium: Prioritizing Injectable Therapies in Type 2 Diabetes

When Should Fixed-Ratio Basal Insulin/GLP-1 Agonist Combination Products be
Considered?

Vivian Fonseca, MD (Tulane University, New Orleans, LA)

Tulane's Dr. Vivian Fonseca suggested that fixed-ratio combination therapy with basal insulin/GLP-1 should
be the first injectable drug used in type 2 diabetes - and he argued that FDA should update the Xultophy and
Soliqua product labels to allow for this. Novo Nordisk's Xultophy (insulin degludec/liraglutide) and Sanofi's
Soliqua (insulin glargine/lixisenatide) were both approved for the US market on the same day in November
2016. Here we are a year and a half later, and commercial uptake of these products has been disappointingly
low. Dr. Fonseca attributed this in part to the restrictive indications on both drugs: FDA stipulated that
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Xultophy can only be used after basal insulin or liraglutide (Victoza) in any given patient, while Soliqua can
only be used after basal insulin or lixisenatide (Adlyxin). This precludes fixed-ratio combination therapy from
being used as a first injectable, it unnecessarily delays treatment intensification and exposes patients to more
hyperglycemia (and possibly hypoglycemia), and it's been especially challenging for the Soliqua franchise
since standalone Adlyxin is prescribed so infrequently. Dr. Fonseca characterized this as a "limitation in the
packet insert that creates issues in patient access" to fixed-ratio combination products, and he noted that
there are already enough barriers to optimal diabetes care without this one. We'll keep an eye out for the label
updates Dr. Fonseca proposed, and in the meantime, we hope to see continued efforts from Novo Nordisk and
Sanofi to educate providers about this new therapy class. Our sense is that many HCPs (and especially PCPs)
aren't entirely comfortable with the concept of a fixed-ratio combination, and we owe it to patients to spread
more awareness of medicines that profoundly lower A1c without weight gain or excess hypoglycemia risk. For
more on basal insulin/GLP-1, see our coverage of DUAL IX results (Xultophy vs. Lantus) from earlier at ADA.

Symposium: Real-World Evidence in Diabetes

Combining Methodological Approaches to Assess Efficacy and Safety of Gla-300
vs. First-Generation Basal Insulins - A Case Study

Tim Bailey, MD (UC San Diego, CA)

Dr. Tim Bailey headlined a symposium on real-world evidence with new cost-effectiveness analysis from
Sanofi's DELIVER-2 study. To complement the original DELIVER-2 findings that switching to Toujeo (insulin
glargine) from another basal insulin reduced the risk of hypoglycemia in a real-world setting, Dr. Bailey
unveiled that this switch additionally conferred an estimated $1,439 of healthcare savings per patient per
year. He elaborated that this was driven by lower hypoglycemia-related healthcare utilization, specifically:
Fewer hospitalizations (2.8% of people on Toujeo vs. 4.3% of people on other insulins, p=0.037); a smaller
proportion of people visiting the ER (3.1% vs. 5.1%, p=0.007); and fewer patients requiring outpatient care
(12.5% vs. 15.4%, p=0.011). We certainly hope these compelling numbers resonate with payers, as we continue
to believe that next-gen basal insulins should be viewed not as a cost, but as an investment in greater health
and safety. This data further supports findings from RCTs indicating that Toujeo - and next-generation basal
insulins overall - are a major step above first-generation analogs, particularly with regard to their
hypoglycemia benefits and reduced glucose fluctuations.

Real-World Evidence Studies - Methodological Approaches to Overcome Bias

Sean Sullivan, PhD (University of Washington, Seattle, WA)

UW health economist Dr. Sean Sullivan contextualized that real-world studies like LIGHTNING and
DELIVER-2 help fill the gaps in the RCT landscape. Beyond supplementing RCT data, Dr. Sullivan argued
that real-world studies are critical in their own right to provide insight on a broader swath of the patient
population. Leicester's Dr. Kamlesh Khunti echoed this point, noting that only 16% of people with type 2
diabetes would have been eligible for the EMPA-REG OUTCOME CVOT (similarly small fractions of the
actual patient population would have qualified for ACCORD [11%], ADVANCE [36%], VADT [9%], and
PROactive [3.5%]). Dr. Sullivan further noted that RCTs provide a limited picture of the cost-effectiveness of
therapies by addressing only "can it work" under perfect circumstances, with no insight into "does it work" in
the wild.

▪ We were interested and excited to hear from Dr. Sullivan that major regulatory bodies
know this and are slowly beginning to emphasize real-world evidence. FDA has
characterized RWE as "an important step toward a fundamentally better understanding of states of
disease and health," he said. In a past editorial, former Senior Medical Officer of the EMA Dr. Hans-
Georg Eichler proposed a new regulatory assessment protocol that places safety/efficacy evidence
from RCTs and relative effectiveness and cost vs. health benefit evidence from real-world studies on
equal footing.
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Complementing Randomized Controlled Trials with Real-World Evidence - A
Comprehensive Evidence-Generation Program in Patients with Diabetes

Stewart Harris, MD (Western University, Ontario, Canada)

Western University's Dr. Stewart Harris discussed the "efficacy gap" between tightly controlled, high-touch
RCTs and real-world studies, where patients receive much less intensive follow-up. Work from Drs. Steve
Edelman and Bill Polonsky has estimated that up to 75% of this efficacy gap is attributable to lower adherence
in the real world vs. a more engaged clinical trial setting. We appreciated a sentiment from the audience
during Q&A: "My takeaway from the Edelman and Polonsky data is that if we had free medications and
frequent check-ins with an all-star clinical team, real-world evidence would look just like RCT data." We
couldn't agree more, and are reminded of commentary from Dr. Mikhail Kosiborod at AACE 2018 that even
the placebo arm of a large RCT represents an improvement over current standard of care.

Symposium: Obesity in Type 1 Diabetes - An Evolving Challenge

Challenges of Insulin Use in the Obese Patient with Type 1 Diabetes

David Russell-Jones, MD (Royal Surrey County Hospital, Guildford, UK)

Dr. David Russell-Jones covered a wide range of challenges when using insulin therapy in a patient with type
1 diabetes and obesity. He first dispelled the myth that insulin-related weight gain might be due to the method
of introduction, as there has been no evidence to suggest that pumps result in less weight gain than injections,
despite their many other advantages for patients with type 1. He then spent the majority of his talk discussing
the weight-related benefits of insulin detemir (Novo Nordisk's Levemir), which has been shown to cause less
weight gain vs. NPH insulin and vs. insulin glargine (Sanofi's Lantus) in every comparative study since its
inception. What exactly is it about insulin detemir that makes it cause less weight gain than other insulins?
Dr. Russell-Jones proposed that the answer may lie in the molecule's large size and resulting hepato-
preferentiality. As he explained, one of the most significant problems with current insulin and dosing options
is over-insulinizing peripheral tissues; subcutaneous introduction of insulin bypasses the liver, which
facilitates peripheral glucose uptake. Insulin detemir, unlike other insulin molecules, binds to albumin to
create a large complex which then cannot penetrate the endothelium of peripheral tissues - so instead, more
of it is targeted to the liver. Dr. Russell-Jones backed up this hypothesis with the results of a study evaluating
the effects of insulin detemir and NPH on peripheral tissue and the liver: Detemir had a significantly greater
relative effect on the liver compared to NPH (71.3% vs. 63.3%, p<0.01) and had a lesser relative effect on
peripheral tissue (28.7% vs. 36.7%). Looking ahead, Dr. Russell-Jones expressed excitement for liver-
preferential insulins in the pipeline, including Diasome's Hepatocyte Directed Vesicle (HDV) technology and
liver-preferential insulin lispro. He suggested that liver-targeting may help turn the tide on insulin-related
weight gain in patients with type 1 diabetes. In the meantime, Dr. Russell-Jones encouraged clinicians to look
to combination therapies as the best approach to mediating weight gain, although he did not give any
examples as to which would be best. We would love his perspective on SGLT inhibitors as adjunct therapy for
type 1 diabetes, given the profound weight loss associated with this drug class.

Symposium: Exploring the Next Frontier in Diabetes Pharmacology

"Smart" (Gluco-Sensing) Insulins - Nanotechnology and Other Approaches

Arturo Vegas, PhD (Boston University, MA)

Dr. Arturo Vegas gave an encouraging talk on progress toward glucose-responsive insulins (GRI). While this
field has seen its share of "failures" (e.g. Merck discontinued MK-2640 after phase 1), and while technical
challenges abound, it's certainly positive to see so much continued commitment to "smart" insulin. As Dr.
Vegas described, even the most engaged patients might only spend ~four hours in-range per day; insulin
therapy as it currently stands is still exceptionally difficult for providers to prescribe, and for patients to take,
and GRI could potentially simplify all of this (if it proves safe and effective). Dr. Vegas focused on three major
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classes of glucose-sensing insulins in development: (i) phenylboronic acid (PBA)-triggered release of insulin;
(ii) glucose binding protein-triggered (GBP) release; and (iii) glucose oxidase (GOx)-triggered release. He
reviewed preclinical data showing that each of these "smart" insulins are glucose-responsive in mouse models,
inducing glucose responses that are similar to those seen in healthy mice.

▪ He also commented on the advantages and disadvantages of each of these major
classes:

◦ PBAs can form reversible covalent bonds with glucose, show physiological glucose affinity
levels, and are non-toxic, yet are not specific for glucose (also binding to fructose).

◦ GBPs are naturally occurring, stable, and structurally robust; however, they show non-
physiological glucose affinities and are immunogenic and mitogenic.

◦ GOx's have high glucose affinities and are stable, but form toxic peroxide byproducts and
are undesirably active at low glucose levels - this worries us because of the introduced
hypoglycemia risk.

▪ Glycosylated insulins conjugated to red blood cells also represent a promising
technology, in Dr. Vegas' eyes, as competitive binding of glucose to GLUT receptors on these
red blood cells can trigger the release of the glycosylated insulin for the desired glucose-dependent
action. Dr. Vegas concluded by explaining that recent advances in elucidating the crystal structure of
the insulin-receptor complex may yield novel approaches to GRI; we'll keep our eyes peeled for any
new candidates that enter the pipeline. Ultimately, glucose-responsive insulin is too early-stage for
us to get excited about applications in human patients, and until we see more reassuring data on
safety/hypoglycemia, we're cautious about becoming overly optimistic. That said, we agree with Dr.
Vegas that GRI would address many of the current challenges of daily diabetes management. We're
intrigued by the work going on at Dr. Zhen Gu's lab (smart insulin patch), and by other candidates in
the competitive landscape as well (take a look for yourself!).

Questions and Answers

Q: These delivery systems look like they have to be administered once a day, compared to
longer lasting once-a-week drugs that are beginning to be seen in today's landscape. Do you
think the frequency of these smart insulins will represent a challenge to their eventual
applicability to patients?

A: This area as a whole is slowly creeping up in terms of time and frequency of use. It used to just last a couple
of hours, but we now have some technologies that last up to four days.

Symposium: Clinical Centers and Programs Session

Multidisciplinary Team's Approach to Reduce Inpatient Insulin-Related
Hypoglycemia

Celeste Thomas, MD (University of Chicago, IL)

Dr. Celeste Thomas' team at U Chicago Medicine has successfully halved inpatient hypoglycemia. In this
inspiring ADA talk, Dr. Thomas outlined the core requirements for a hospital-wide change in diabetes care:
strong institutional support, a multidisciplinary team, and identification of best practices and current gaps.
Her team improved insulin administration at mealtime after realizing that many boluses were suboptimal,
being given at non-standardized times: Under the new system, a blood sugar measurement is required within
30 minutes prior to administering a prandial insulin dose. Dr. Thomas also described how hypoglycemia
warning signs were posted outside patient doors so that all staff were more aware and more knowledgeable.
Other interventions at the U Chicago hospital included increasing glucose targets, decreasing prandial insulin
quantities, building automated glucose monitoring order reminders whenever a physician prescribes insulin,
and employing automated pharmacy warnings for high basal insulin doses. Results have been extraordinary -
from May to June (the month of implementation), hypoglycemic events were more than halved, from 85
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events in May to only 40 in June. Dr. Thomas stressed the importance of having broad support for an
initiative like this, from across disciplines; stakeholders involved in these changes included the Office of
Clinical Effectiveness, nursing leadership, diabetes clinical nurse educators, food services, pharmacy, and U
Chicago's IT system. The efficacy of these interventions should serve as a call-to-action for all medical
systems: We need to make sure we are thoughtful in applying best practices to improve existing diabetes care,
and reducing hypoglycemia should be a key goal in diabetes care. Advanced therapies that come with lower
hypoglycemia risk are fantastic - trust us, we love them more than anyone! - as are new devices that can
improve time-in-range and other glycemic outcomes beyond A1c. But it's also incredible that a 50% reduction
in hypoglycemia can be realized with improved system-level management.

Questions and Answers

Q: You've increased your glucose targets and you've decreased your insulin, so I'm wondering
what happened to overall blood glucose levels? Did they rise?

A: We're not actually seeing a rise in hyperglycemia, likely because we're checking the blood glucose at the
right time. Before we frequently checked the glucose either too early or too late - we'd check glucose while the
patient was eating meal - but now we're doing it at the standardized time.

Q: My question is what type of pushback have you received as you've made some of these
changes. I'm particularly interested in the correction scale. Some say to increase the starting
point of the glucose scale like you said, but some groups - especially surgical - want levels at
120 mg/dl at most.

A: We do have a separate order set for our CT surgeons. I worked with our surgeons to adjust glucose goals in
the post-surgical setting, and we did not adjust that. We also did not adjust that with our pregnant patients.
You definitely need to think about who is going to push back and accommodate that.

Product Theaters

Basal Insulin Treatment Considerations in Adult Patients with Type 2 Diabetes
Mellitus (Sponsored by Sanofi)

Carol Wysham, MD (University of Washington, Seattle, WA)

In a Sanofi-sponsored product theater, the great Dr. Carol Wysham emphasized how ultra-long-acting basal
insulin Toujeo (U300 insulin glargine) meets many of the preferred characteristics of a basal insulin option.
She underscored that the goal of insulin replacement therapy as a whole is to attempt to attain the most
normal glycemic profile as possible without hypoglycemia and while minimizing weight gain. In the age of
CGM, she suggested that glycemic variability is an increasingly important endpoint to consider (yes!), given
its association with increased risk of hypoglycemia (and we'd add, as DEVOTE post-hoc analyses have
suggested, its association with CV events and all-cause mortality). Regarding basal insulins specifically, Dr.
Wysham suggested that an ideal option would have a full 24-hour duration of action, have a stable profile
without any peaks or troughs, and would be associated with stable fasting glucose levels when given every day.
With this in mind, Dr. Wysham reviewed EDITION clinical trial data for Toujeo and especially emphasized
the ability to achieve A1c goals, the low risk of hypoglycemia, and the flat PK/PD profile of the product. Dr.
Wysham also suggested that patient support offerings should be a key consideration when considering choice
of basal insulin; she highlighted the Toujeo COACH program to that end.

Evaluating the Impact of a Safety Outcomes Trial - Incidence of Major Adverse
Cardiovascular Events and Clinical Importance of Severe Hypoglycemia for Type 2
Diabetes Patients Requiring a Long-Acting Insulin (Sponsored by Novo Nordisk)

Helena Rodbard, MD (Endocrine and Metabolic Consultants, Rockville, MD)

Dr. Helena Rodbard led Novo Nordisk's product theater on next-gen basal insulin Tresiba (insulin degludec),
which was equal parts a discussion of safety/efficacy and a discussion of the hypoglycemia data from

www.closeconcerns.com 139

https://www.closeconcerns.com/knowledgebase/r/96b8ad1c#Symposium:_Insulin_Degludec_vs._Glargine_Cardiovascular_Safety_in_T2D:_The_DEVOTE_Study


DEVOTE. She opened by highlighting the many factors that can increase a patient's risk for hypoglycemia,
stressing the importance of routinely monitoring and adjusting therapy to avoid severe events. Dr. Rodbard
then walked attendees through the results of DEVOTE and SWITCH 2 (both studies enrolled type 2s). She
emphasized Tresiba's non-inferiority vs. Lantus (insulin glargine) on CV events and noted that Tresiba is the
"first and only" basal insulin to show significantly lower rates of severe hypoglycemia vs. Lantus. In DEVOTE,
patients randomized to Tresiba saw a 40% lower risk for severe hypoglycemia and a 53% lower risk for severe
hypo overnight compared to their counterparts on Lantus. Dr. Rodbard attributed this very meaningful
benefit to Tresiba's clinical profile, namely it's minimal within-subject and day-to-day variability, glucose-
lowering effect of at least 42 hours, and flat/stable PK/PD. FDA updated Tresiba's US label in March to
include DEVOTE data, but notably left out results from SWITCH 1 and 2 (read our report for our full take on
that decision - long story short, we considered this "a partial victory").

Questions and Answers

Q: Any concerns with insulin stacking?

A: That's a common question. It's not really stacking with Tresiba. One good analogy is that if you imagine a
sink, the same amount coming in is the same amount coming out. So it reaches a steady state. It takes three to
four days to reach steady state with Tresiba; but once it's reached, you're utilizing the same amount that is
coming in, so the levels remain pretty stable.

Q: Do you have data on Tresiba in type 1 diabetes?

A: There is less nocturnal hypoglycemia in type 1 diabetes. So Tresiba also benefits people with type 1
diabetes. [Editor's note: The FDA label update for Tresiba does not apply to type 1s, which we found
disappointing, because insulin degludec did show superiority to Lantus on less severe forms of hypoglycemia
in SWITCH 1.]

Q: In DEVOTE, at what times was severe hypoglycemia assessed in the patients?

A: It was assessed at all times; we needed to look at all adverse events and of course hypoglycemia was an
important one.

Q: Was there any difference in the total daily doses between degludec and glargine?

A: No, the results were very similar.

Posters

Lower Hypoglycemia Rates with Insulin Glargine 300 U/mL (Gla-300) vs. Insulin
Degludec 100 U/mL (IDeg-100) in Insulin-Naïve Adults with T2DM on Oral
Antihyperglycemic Therapy ± GLP-1RA - The BRIGHT Randomized Study

GB Bolli, A Cheng, Z Bosnyak, EB Corfec, AM Cali, X Wang, JP Frias, R Roussel, J Rosenstock

Highly-anticipated hypoglycemia findings from BRIGHT were featured on a poster, and showed a statistically
significant benefit to Sanofi's Toujeo (insulin glargine U300) over Novo Nordisk's Tresiba (insulin degludec)
specifically during the titration phase - the first 12 weeks of the 24-week study. When investigators looked at
the entire 24-week study period (n=929), they saw no difference in incidence of hypoglycemia <70 mg/dl
(OR=0.88, 95% CI: 0.66-1.17, p=0.371) or <54 mg/dl (OR=0.76, 95% CI: 0.53-1.06, p=0.123). Hypoglycemia
<70 mg/dl was significantly less likely among Toujeo-treated patients during the titration phase (OR=0.74,
95% CI: 0.57-0.97, p=0.03), as was hypoglycemia <54 mg/dl (OR=0.63, 95% CI: 0.40-0.99, p=0.044). The
overt implication here is that Toujeo confers a 26% risk reduction for overall hypoglycemia when compared to
Tresiba, although we note the marginal p-values and the fact that this benefit disappeared during BRIGHT's
maintenance phase. Between week 13 and week 24, there was once again no significant difference in
hypoglycemia <70 mg/dl (OR=0.93, 95% CI: 0.72-1.22, p=0.618) or <54 mg/dl (OR=0.86, 95% CI: 0.56-1.33,
p=0.505). A similar trend was observed for nocturnal hypoglycemia, with no imbalance overall or during
maintenance, but a borderline benefit to Toujeo during titration. This method of bucketing hypoglycemia
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events into two different phases is new to us, and we'd be remiss not to mention that this was a Sanofi-
sponsored RCT (reporting results in a certain way reveals a clinical benefit not otherwise seen). We're
intrigued that hypoglycemia risk with these two next-generation basals would differ only in the insulin
titration period, and we look forward to hearing more commentary from opinion leaders as to why this might
be the case.

▪ While the insulin titration period is of course important (and 12 weeks is a meaningful
amount of time), our sense is that the clinical profiles of Toujeo and Tresiba are more
alike than different when it comes to hypoglycemia. We found the title of this poster -
"Lower Hypoglycemia Rates with Insulin Glargine U300 vs. Insulin Degludec in Insulin-Naïve
Adults with T2DM" - to be misleading, given that Toujeo's edge on hypoglycemia occurred only
during the earlier part of the study and not overall. Notably, Tresiba boasts an official indication for
the prevention of severe hypoglycemia vs. Sanofi's Lantus (insulin glargine) on the basis of the larger
DEVOTE trial (7,637). We suspect that these BRIGHT results may help boost appreciation of
Toujeo's longer/flatter profile, leading to less glucose variability and lower hypoglycemia risk, but
we'd be surprised if the field read this data as "Toujeo is superior" or "Tresiba is superior" for that
matter. In our view, both of these insulins are a gigantic step up from earlier insulin analogs, and
subtle differences between the two shouldn't diminish the value of these next-gen agents as a class.
In 1Q18, next-gen basal insulin sales grew 27% YOY to $533 million, reflecting 22% of the basal
insulin category (up from 18% in 1Q17).

Patients with Type 2 Diabetes on the Maximum Dose of Insulin Degludec/
Liraglutide (IDegLira) Achieve Glycemic Target: Analyses from the DUAL
Program

L Meneghini, S Linjawi, P Serusclat, T Vilsbøll, B Agner, T Hansen, and L Leiter

According to this post-hoc analysis of Novo Nordisk's DUAL program (I-V and VII), the subgroup of "sicker"
patients who required titration to the maximum dose of Xultophy (50 units insulin degludec/1.8 mg
liraglutide) still experienced better outcomes than healthier participants on placebo or comparator therapies.
With the exception of DUAL VII (Xultophy vs. basal-bolus), all studies found that high-dose Xultophy led to a
higher proportion of patients achieving an A1c <7% vs. placebo or an active comparator. In DUAL I, 74% of
participants on max-dose Xultophy achieved an A1c <7% vs. 65% of patients taking Tresiba (insulin degludec)
monotherapy and 61% taking Victoza (liraglutide) monotherapy; 87% of those taking a lower dose of Xultophy
achieved A1c <7%. DUAL III-V tell a similar story, with participants on max-dose Xultophy achieving better
outcomes than the comparator, but underperforming relative to their counterparts on a lower Xultophy dose.
In DUAL III, 73% of participants on max-dose Xultophy achieved an A1c of <7% vs. 36% on Victoza
monotherapy and 78% on low-dose Xultophy. In DUAL IV, 61% of participants on max-dose Xultophy
reached target A1c vs. 29% on placebo and 82% on low-dose Xultophy. In DUAL V, 68% of people on max-
dose Xultophy achieved target A1c vs. 47% on Lantus (insulin glargine) and 74% on low-dose Xultophy.
Notably, in DUAL II, 63% of patients on max-dose Xultophy achieved target A1c - more than Tresiba
monotherapy (23%) and even lower-dose Xultophy (55%). By contrast, 57% of max-dose Xultophy patients in
DUAL VII achieved target A1c vs. 67% of patients randomized to basal-bolus therapy with Lantus and
NovoLog and 71% of low-dose Xultophy patients. Despite the break from pattern with DUAL VII, this analysis
as a whole speaks to Xultophy's incredible potency as an anti-hyperglycemic agent. It's heartening to see that
people who require more aggressive diabetes therapy at baseline can still go on to see excellent outcomes. This
poster illustrates the importance of abolishing the treat-to-fail paradigm in diabetes care so that more patients
are put on a drug like Xultophy earlier in the course of disease progression. In fact, in a separate ADA talk, Dr.
Vivian Fonseca argued that FDA should change the Xultophy and Soliqua (insulin glargine/lixisenatide) labels
so that these fixed-ratio combinations can be used as a first injectable therapy instead of only as an
intensification from basal insulin or GLP-1 monotherapy.
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Ultra-Rapid Insulin Lispro Reduces Post-Prandial Glucose Excursions vs.
Humalog in Patients with T1D and T2D and Different Dose Timing Intervals

L Plum-Möerschel, C Kapita, J Leohr, R Liu, S Reddy, MA Dellva, S Lim, M Matzopoulos, MP
Knadler, MT Loh, T Hardy, and C Kazda

Lilly presented two posters illustrating a compelling PK/PD profile for its ultra-rapid-acting insulin lispro in
patients with type 1 and type 2 diabetes. In both phase 1b studies, participants with type 1 (n=30) and type 2
(n=29) received a subcutaneous dose of either ultra-rapid-acting insulin lispro or traditional insulin lispro
(Lilly's Humalog) at a randomized dosing interval - either 15 minutes before a standardized meal, at the start
of the meal, or 15 minutes post-meal. Ultra-rapid lispro lowered postprandial glucose regardless of dose
timing. For type 1s, the ultra-rapid agent resulted in smaller two-hour area under the curve (AUC) at all
dosing intervals: 15 minutes pre-meal (-1 mg/dl/h vs. +27 mg/dl/h; p=0.0081), at meal (+35 mg/dl/h vs. +58
mg/dl/h; p=0.0315), and 15 minutes post-meal (+90 mg/dl/h vs. +108 mg/dl/h; p=0.0957). Notably, taking
the bolus pre-meal still leads to the best postprandial glucose control. For type 2s, ultra-rapid lispro resulted
in smaller two-hour AUC when given 15 minutes pre-meal (+33 mg/dl/h vs. +53 mg/dl/h; p=0.0137) or at
mealtime (+40 mg/dl/h vs. +75 mg/dl/h; p<0.0001), but not when dosed 15 minutes post-meal (+89 mg/
dl/h vs. +92 mg/dl/h; p=0.6749). It's interesting to note, however, that ultra-rapid lispro dosed at mealtime
was superior to Humalog dosed 15 minutes pre-meal in terms of five-hour AUC for type 2s (p<0.0001), which
reveals the key advantage to faster mealtime insulin - more patient convenience and better quality of life
around meals. In another presentation at ADA 2018, Dr. Tim Heise argued that while A1c and hypoglycemia
haven't been all-that-substantially improved with next-generation prandial insulins vs. first-gen analogs, their
parity pricing should make them very attractive to patients and payers alike (i.e. pay the same but have a
better experience around meals, with definite benefits to postprandial glucose and possible benefits to A1c
and hypo). We thought this was an interesting framework for the emerging class of ultra-rapid-acting insulins
(Fiasp, Afrezza), and it makes us wonder whether Lilly will price this ultra-rapid lispro on par with Humalog.

▪ Both of these studies used p=0.1 as the threshold for statistical significance, which
strikes us as very high. Nevertheless, ultra-rapid lispro showed compelling glucose-lowering
advantages over Humalog especially when dosed pre-meal or at mealtime (less so with post-meal
dosing).

▪ As for safety, there were no clinically-relevant differences in tolerability between ultra-rapid-
acting lispro vs. Humalog. In people with type 2 diabetes, there were numerically more
hypoglycemia events during the mixed-meal tolerance tests with ultra-rapid-acting insulin lispro,
but this did not reach statistical significance. We see this as another reminder that patient education
around dosing will be key for faster-acting insulins.

▪ Currently in phase 3, ultra-rapid lispro could join an emerging class of faster-acting
insulins, which also includes MannKind's inhalable Afrezza and Novo Nordisk's Fiasp.
Two phase 3 studies are underway: PRONTO-T1D (enrolling ~1,199 adults with type 1 diabetes) and
PRONTO-T2D (enrolling ~670 type 2s), with completion expected in August 2019 and April 2019,
respectively. This is certainly a clinical development program to watch, in our view; we continue to
see prandial insulin as an area in need of serious improvement within diabetes care (it's challenging
to use and to prescribe, and it's just not fast enough yet). While advanced agents like GLP-1s and
SGLT-2s are in some ways reducing the need for bolus insulin, there will definitely be a role for
faster insulins to play in closed loop. And so, innovation in this area remains very exciting and
worthwhile.

Total and Severe Hypoglycemia Is Reduced with Use of Inhaled Technosphere
Insulin (TI, Afrezza) Relative to Insulin Aspart in Type 1 Diabetes

L Blonde, F Pompilio, S Bruce, M Grant, D Kendall

In AFFINITY-1, MannKind's inhaled insulin Afrezza offered a 26% risk reduction for hypoglycemia compared
to Novo Nordisk's injectable NovoLog (HR=0.74, 95% CI: 0.68-0.81). According to this poster, most of the
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hypoglycemia benefit was derived from the two-five hours following meals - Afrezza's faster offset vs.
NovoLog means less residual insulin lingering in the bloodstream, and less post-meal hypoglycemia. The
poster also claimed that patients reaching target A1c <7% by the end of the study were more likely to
experience hypoglycemia benefit with Afrezza vs. NovoLog. It's quite meaningful that inhalable boluses got
people to their A1c goals while also reducing the frequency of hypoglycemia events, and as another poster
showed (the STAT study using Dexcom CGM), type 1s experienced 12% more time-in-range with Afrezza vs.
NovoLog. (Note that in the image below, TI refers to "Technosphere Insulin," or Afrezza).

▪ Last year, FDA updated the Afrezza label to advance it into a category of ultra-rapid-
acting insulins. In an investor call to discuss the label change, MannKind CEO Mr. Michael
Castagna particularly emphasized faster offset with Afrezza (~90-180 minutes, depending on dose),
which stood out to us. The data presented here suggest that post-meal hypoglycemia is challenging
for people with diabetes, because insulin action doesn't stop quickly enough. This issue is attenuated
with the use of a faster-acting product like Afrezza, and that benefit could prove even more
important than faster onset.

Preference Differences Between SoloStar and MK-1293 Pens Among Patients with
Diabetes and Certified Diabetes Educators

B Alemayehu, AM Nguyen, R Ganser, J Speiser, M Crutchlow, and M DiBonaventura

Merck presented a poster comparing its new insulin pen for tentatively FDA-approved Lusduna Nexvue
(biosimilar insulin glargine) to Sanofi's Lantus SoloStar. Among people with diabetes (n=117, 57% had used
an insulin pen before), 67% preferred Merck's pen, 21% preferred the SoloStar pen, and 12% had no
preference. Among CDEs (n=119), 58% preferred Merck's pen, 23% preferred the SoloStar pen, and 19% had
no preference. Patients preferred Merck's pen to a statistically significant degree in terms of being easy to
learn to use (23% vs. 7% for SoloStar), ease of selecting the correct dose (21% vs. 5%), ease of pushing down
the injection button (34% vs. 9%), smoothness of injection (29% vs. 14%), and user-friendliness of instruction
booklet (62% vs. 4%). CDEs ranked the Nexvue pen as superior to the SoloStar pen in terms of whether it
would be "easy to teach my patients to use" (20% vs. 8%). On individual pen characteristics, patients generally
favored Nexvue over SoloStar in terms of "overall quality" (49% vs. 18%), "overall appearance" (38% vs. 22%),
and "convenience for use on a day-to-day basis" (38% vs. 20%). CDEs preferred Merck's new product for
"overall quality" (49% vs. 13%) and "overall appearance" (35% vs. 20%), though they ranked Lusduna Nexvue
as worse in terms of "ease of carrying the pen with you" (9% vs. 26%). Overall, these findings are consistent
with Merck's goal to design a pen with "characteristics to improve preferences and adherence." In addition to
creating a biosimilar formulation of the insulin glargine molecule, Merck seems to have successfully designed
a pen that's as easy to use, if not easier, than Sanofi's SoloStar device. This bodes well for Lusduna
commercially, and we look forward to the product's official US launch. Full FDA approval for Lusunda Nexvue
will have to wait until settlement of Sanofi's patent infringement lawsuit against Merck, which can happen in
one of three ways: (i) the two companies reach an agreement; (ii) a court decides in favor of Merck; or (iii) 30
months elapse since the lawsuit was filed in September 2016 (~March 2019).

www.closeconcerns.com 143

https://www.closeconcerns.com/knowledgebase/r/f92aa17d#STAT_Study_Results_N60_Type_1s:_1.5_Extra_Hours_In-Range_with_MannKinds_Afrezza_vs._Novo_Nordisks_NovoLog_15_Improvement_in_Postprandial_Excursions
https://www.closeconcerns.com/knowledgebase/r/f92aa17d#STAT_Study_Results_N60_Type_1s:_1.5_Extra_Hours_In-Range_with_MannKinds_Afrezza_vs._Novo_Nordisks_NovoLog_15_Improvement_in_Postprandial_Excursions
https://www.closeconcerns.com/knowledgebase/r/5dbc138f
https://www.closeconcerns.com/knowledgebase/r/13907156
https://www.closeconcerns.com/knowledgebase/r/5b54b996


Clinical Outcome Assessment of the Effectiveness of Insulin Degludec (Degludec)
in Real-life Medical Practice (CONFIRM) - A Comparative Effectiveness Study of
Degludec and Insulin Glargine 300U/mL (Glargine U300) in Insulin-Naïve
Patients with Type 2 Diabetes (T2D)

J Tibaldi, S Haldrup, V Sandberg, M Wolden, H Rodbard

This Novo Nordisk poster retrospectively analyzed the efficacy of Tresiba (insulin degludec) vs. Sanofi's
Toujeo (insulin glargine U300) in the real world. Patients from the IBM Explorys database were propensity
score matched (n=4,056); all were adults with type 2 diabetes treated with oral anti-hyperglycemic agents + a
next-generation basal insulin (Tresiba or Toujeo). After six months, A1c-lowering was 0.3% greater with
insulin degludec (-1.5%) vs. insulin glargine U300 (-1.2%, p=0.029). Baseline A1c was 9.5% across both
groups. Tresiba reduced hypoglycemia risk by 30% vs. Toujeo (RR=0.70, p=0.045), and the proportion of
patients experiencing any hypoglycemia was also significantly lower with Novo Nordisk's product (OR=0.64,
p<0.01). Indeed, reducing incidence of hypoglycemia has emerged as one of the key benefits to Tresiba;
DEVOTE results showing a 40% risk reduction for severe hypo with Tresiba vs. Sanofi's Lantus (insulin
glargine U100) were presented at last year's ADA and were recently added by FDA to the insulin degludec
product label. Our sense is that Toujeo also confers some hypoglycemia benefit vs. first-generation basal
insulin analogs, given its flatter PK/PD profile - real-world evidence collected by Sanofi certainly supports this
claim. While many diabetes thought leaders do express a preference for Tresiba vs. Toujeo (the former comes
with a flexible dosing claim, has shown more robust hypoglycemia benefit in clinical trials, and has an even
flatter PK/PD profile), we firmly believe that both of these advanced products are so much better than earlier
insulin options, and there's more than enough room for both of them to succeed on the market. We're hoping
the field is less preoccupied with head-to-head comparisons between the two, and instead puts more
emphasis on increasing uptake of next-generation basals as a class.

Switching to Insulin Glargine 300 U/mL (Gla-300) Improves Glycemic Control
and Reduces Nocturnal Hypoglycemia in Patients with Type 2 Diabetes (T2DM) on
Basal Insulin Supported Oral Therapy (BOT)

J Seufert, A Fritsche, H Anderten, K Pegelow, S Pscherer, M Pfohl

A real-world study conducted across centers in Germany, Austria, and Switzerland (n=1,662) found key
benefits to switching from another basal insulin to Sanofi's next-gen Toujeo (insulin glargine U300). This
poster provided data from the 679 German patients, most of whom were previously on Sanofi's first-gen
Lantus (insulin glargine U100), plus metformin and/or DPP-4 inhibitors. At baseline, mean age was 65,
diabetes duration was 11 years, BMI was 32 kg/m (indicating overweight/obesity), and A1c was 8.2%. After2

12 months, A1c declined by a mean 0.8% to 7.4%; the greatest decrease (-0.99%, p<0.0001) was seen in
patients who switched from Novo Nordisk's Levemir (insulin detemir), followed by patients switching from
NPH insulin (-0.85%, p<0.0001), patients switching from Lantus (-0.74%, p<0.0001), and patients switching
from Novo Nordisk's Tresiba (insulin degludec, -0.5%, p=0.0018). The proportion of patients meeting target
A1c rose from ~29% to ~43% after one year, and mean fasting plasma glucose fell by 37 mg/dl from a baseline
173 mg/dl (p<0.0001). On fasting blood sugar, those switching from NPH insulin saw the greatest benefit
(-49.4 mg/dl). Very notably, nocturnal hypoglycemia dropped by >70% after patients switched onto Toujeo
(from a 1.3% to 0.3% incidence). Overall symptomatic hypoglycemia and severe hypoglycemia were not
significantly changed. For us, the main takeaway from this poster was that next-generation basal insulins are
leaps and bounds above what came before them, namely NPH, Lantus, and Levemir. The observed declines in
A1c, fasting blood glucose, and nocturnal hypoglycemia were meaningful, and it's notable that this occurred in
real-world clinical settings. Indeed, we've been impressed by Sanofi's commitment to real-world evidence
around Toujeo in general - see findings from the DELIVER 2 study as just one example (significant 33% drop
in hypoglycemia rate after switching to Toujeo vs. Lantus, Levemir, or Tresiba).
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Efficacy and Safety of Faster Aspart Compared with Insulin Aspart Both with
Insulin Degludec in Adults with T1D

J Buse, A Carlson, M Komatsu, O Mosenzon, L Rose, B Liang, H Horio, T Kadowaki

This poster displayed 26-week results from Onset 8 (n=1,007), Novo Nordisk's trial comparing Fiasp (faster-
acting insulin aspart) vs. NovoLog (insulin aspart) in adults with type 1 diabetes. Participants were assigned to
one of two basal-bolus regimens: (i) Tresiba + Fiasp or (ii) Tresiba + NovoLog. The primary endpoint was
change in A1c from baseline to week 26, and this was similar in both groups, dropping from a baseline ~8.1%
to 7.3%-7.4% regardless of prandial insulin. Adverse event rates were also balanced across treatment arms,
but Fiasp showed its edge on postprandial glucose control. One-hour postprandial glucose measurements
favored Fiasp over NovoLog at breakfast, with an estimated treatment difference of -10.43 mg/dl (95% CI:
-17.85 mg/dl, -3.02 mg/dl). Across all meals averaged out as well, Fiasp was associated with smaller
postprandial excursions (ETD -8.58 mg/dl; 95% CI: -13.35 mg/dl, -3.81 mg/dl). The poster highlighted that
Fiasp can be administered up to 20 minutes after the start of the meal, which makes it a more convenient and
flexible product for patients. Onset 8 confirms findings from previous studies of Fiasp in type 1 (for example,
see 52-week Onset 1 data reported at ATTD 2018), and we don't want to undersell how valuable it is to have
tighter postprandial control despite minimal difference on A1c. Fiasp is relatively new-to-market (at least in
the US, where it just launched in 1Q18), but we're hoping to see expanded access and a rise in prescription
volume in the months and years again, because we do believe this is a superior mealtime insulin option for
people with type 1 as well as type 2 diabetes. Of note, the faster PK/PD profile of Fiasp has sparked interest in
evaluating the drug in closed loop systems; at GTC Bio this year, MGH's Dr. Steven Russell said he's "very
excited about testing Fiasp in the Bionic Pancreas, and we think it might be the best way to reap the value of
these ultra-rapid-acting insulins."

Hypoglycemia with Mealtime Fast-Acting Insulin Aspart vs. Insulin Aspart Across
Two Large Type 1 Diabetes Trials

C De Block, A Carlson, L Rose, T Gondolf, A Gorst-Rasmussen, W Lane

This poster displayed pooled hypoglycemia data from Onset 1 and Onset 8, both comparing Novo Nordisk's
next-gen mealtime insulin Fiasp vs. first-gen NovoLog in type 1 diabetes. While there was no significant
difference in overall hypoglycemia across the two trials (HR=0.96, 95% CI: 0.86-1.07, p=0.46), Fiasp did
significantly reduce risk for nocturnal hypoglycemia by 16% (HR=0.84, 95% CI: 0.72-0.98, p=0.02). In both
studies, hypoglycemia was defined as severe (requiring external assistance) or confirmed by a blood glucose
reading <56 mg/dl (regardless of symptoms). Onset 1 was a year-long trial enrolling 761 type 1s on MDI (see
52-week results presented at ATTD 2018), while Onset 8 lasted 26 weeks (n=684) and had all participants on
Tresiba (basal insulin degludec) as well (those results were presented at this ADA).

▪ Fiasp was launched in the US in February 2018, and thought leader reviews have been
mixed. At Endo Fellows, for example, UW's Dr. Irl Hirsch noted that results with Fiasp have "not
been as impressive as we would have liked." Dr. Hirsch was underwhelmed by the speed of Fiasp,
noting that it's "not nearly as fast as Afrezza" (MannKind's inhalable insulin), and he highlighted
that A1c reductions have been non-inferior but not superior to NovoLog. We continue to believe that
Fiasp represents an important option in diabetes care, and we should underscore that any
hypoglycemia risk reduction can be quite meaningful to patient quality of life and to overall health
outcomes. Moreover, since Fiasp is priced on par with NovoLog in the US, Europe, Canada, and we
suspect most geographies, it seems more than worth it to get patients on a more advanced product
that could lower their hypoglycemia risk (and, importantly, reduce their fear of hypoglycemia).
We've heard this figure cited at many diabetes conferences: 79% of type 1 patients and 58% of type 2
patients lower their insulin doses following a severe hypoglycemia episode, while 72% of PCPs and
79% of endos say they would treat hyperglycemia more aggressively if fear of hypoglycemia wasn't a
factor.
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Chronic Kidney Disease (CKD) and Risk of Mortality, Cardiovascular (CV) Events,
and Severe Hypoglycemia in Type 2 Diabetes (T2D) - DEVOTE Results

A Amod, S Emerson, S Marso, D Mcguire, T Pieber, R Pop-Busui, R Pratley, B Zinman, M
Hansen, T Jia, T Mark, N Poulter

This post-hoc analysis of Novo Nordisk's DEVOTE trial found that Tresiba's (insulin degludec) safety and
efficacy were maintained regardless of a patient's baseline CKD stage. Primary DEVOTE results were
announced at last year's ADA - the next-gen basal insulin Tresiba significantly reduced risk for severe
hypoglycemia compared to Sanofi's Lantus (insulin glargine) and was non-inferior on three-point MACE.
These findings held true for patients with baseline eGFR ≥90 ml/min/1.73m , for those with stage 2 or stage 32

CKD, and for those with stage 4 or stage 5 CKD (eGFR <30 ml/min/1.73m ). The poster also broke down data2

by CKD vs. no CKD at baseline, and found significant risk reduction for severe hypoglycemia with degludec vs.
glargine in both subgroups (RR=0.64, 95% CI: 0.45-0.92 among patients with CKD and RR=0.57, 95% CI:
0.43-0.78 among those without CKD). As a reminder, relative risk reduction for severe hypo across the entire
DEVOTE study population was 40% (HR=0.60, 95% CI: 0.48-0.76, p<0.001) and was 53% overnight
(HR=0.47, 95% CI: 0.31-0.73, p<0.001). As expected, a CKD diagnosis itself was associated with more
frequent hypoglycemia and CV events. Risk of MACE was significantly higher for patients with stage 3 CKD
(eGFR 30-60 ml/min/1.73m ) compared to people with eGFR >90 ml/min/1.73m (HR=1.41, 95% CI:22

1.13-1.77); comparing stage 4-5 CKD (eGFR <30 ml/min/1.73m ) vs. no CKD revealed an even greater jump in2

MACE risk (HR=2.39, 95% CI: 1.63-3.52). Participants with stage 3 CKD also faced higher hypoglycemia risk
during the course of DEVOTE follow-up (HR=1.41, 95% CI: 1.02-1.94) vs. their counterparts without CKD.

Corporate Symposium: The Right Recipe for Achieving Postprandial
Glucose Control - To Inhale or Inject? (Sponsored by MannKind)

Challenges in Achieving Prandial Glucose Control

Jeremy Pettus, MD (UCSD, San Diego, CA); Richard Pratley, MD (Florida Hospital, Orlando,
FL); Satish Garg, MD (University of Colorado, Denver, CO); Dhiren Paten, PharmD (MCPHS
University, Boston, MA)

The headline news at ADA for MannKind was the oral presentation and poster showing Afrezza's superiority
over Novo Nordisk's NovoLog (insulin aspart) on postprandial glucose, time-in-range, and hypoglycemia,
based on results from the STAT and AFFINITY-1 studies. Given this new swell of data on Afrezza, as well as
MannKind's ambitious revenue goals for 2018 ($25-$30 million in Afrezza net sales), we were excited to hear
what some key opinion leaders had to say about this ultra-rapid-acting insulin. Dr. Jeremy Pettus, an
advocate and user of Afrezza, began this symposium by sharing his take on inhalable insulin from the
perspective of both patient and provider. In his view, one of the biggest unmet needs in diabetes therapy today
is a faster-acting mealtime insulin - not only would this significantly improve glucose control, but it would
also allow for better dosing since patients would not have to bolus 20-30 minutes before eating (more flexible
dosing around meals is most certainly a quality of life boost for patients). In fact, Dr. Pettus sees the term
"rapid-acting" as a disservice to patients, as it misleads them to think they must eat immediately after taking
their prandial insulin when in reality the time to peak effect is relatively slow. In his own personal experience,
this misnomer has caused Dr. Pettus to "rage bolus," overcompensating for high blood glucose levels after a
meal and exposing himself to a dangerous possibility for hypoglycemia. Dr. Pettus suggested that Afrezza
addresses many of the challenges surrounding mealtime insulin doses; he highlighted that the product's
faster-acting nature more closely mimics physiologic insulin in those without diabetes. While some concerns
linger regarding the potential respiratory problems that might emerge from inhaling a dry powder, Dr. Pettus
offered reassuring commentary on Afrezza's safety and tolerability. The remainder of his talk focused on the
impact that Afrezza has had in his own life; since he switched to this inhaled insulin therapy, he has enjoyed
more time-in-range and has even been able to eat acai bowls!

▪ Following Dr. Pettus, the three other panelists on the agenda focused on the efficacy
and safety of Afrezza in RCTs. Dr. Richard Pratley revisited the 171 and 102 trials, which were
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both part of MannKind's original submission to FDA. He reminded everyone that the difference in
cough between the Afrezza and placebo inhalation powder groups in the 102 trial was an
insignificant 7% (27% vs. 20%), although patients in the non-inhalation comparator placebo group
only developed a cough 5% of the time. While all of the panelists assured that cough is not a long-
term or serious side-effect of Afrezza, it is a symptom worth nothing, and something patients should
be aware of when starting on Afrezza.

▪ Dr. Satish Garg teased the audience with preliminary evidence from the STAT study,
suggesting improved time-in-range and reduced rates of hypoglycemia compared to
NovoLog, but informed everyone that they would have to attend his oral presentation
the following day to get the details. STAT was indeed a very positive trial for Afrezza, and you
can read our coverage here. Notably, Dr. Garg argued that the relatively short duration of the study
(28 days), was not sufficient to capture the myriad improvements that Afrezza offers; he expressed
his desire to conduct a longer follow-up, and we'd certainly be keen to see that study.

▪ The session concluded with a practical demonstration of Afrezza by Dr. Dhiren Patel,
who also stressed the positive impact that inhalation can have on patient adherence
compared to injections due to the ease of education and lack of pain. The way we see it,
MannKind has much to celebrate about Afrezza following ADA - namely, important beyond-A1c
benefits stemming from its ultra-rapid PK/PD profile. We've heard some ringing endorsements of
the inhaled insulin product from thought leaders, and patient reviews of the therapy have also been
overwhelmingly positive. Both the STAT and AFFINITY trials have demonstrated efficacy and
relative safety, and inhalable technology presents a new paradigm in insulin administration. All this
said, commercial uptake of the therapy has been slow to say the least, likely due to patient/provider
hesitation with a dry-powder inhalable as well as associations with the failed Exubera and Sanofi's
original difficulties marketing Afrezza. We hope that MannKind can continue to distance Afrezza
from injections and from previous inhalable failures. Above all, we want more patients to have the
opportunity to try this potentially game-changing mealtime insulin. It won't be everyone, but we
definitely believe there are many real-world patients with diabetes who do stand to benefit
immensely from Afrezza.

Questions and Answers

Q: In the STAT study, if patients were taking postprandial doses of Afrezza, did the pre-meal
dose for carbs need to be adjusted?

Dr. Garg: The protocol did not allow for that. Patients were only instructed to take the normal amount and
based on their glucose levels one-two hours after their meal they could take a postprandial dose. In actuality, I
think that patients should probably take the majority of their dose pre-meal. It is my understanding and
preference that if more patients did that then postprandial glucose control could be much better.

Q: Given that there are glucose-lowering effects seen within the first few minutes, are there
any concerns of taking the inhaler 5-10 minutes before a meal?

Dr. Pettus: I think that it truly depends on the patient's blood glucose. If the patient is high then it is fine but if
they're low I wouldn't. The ideal time to take the dose is right as the patient is starting to eat.

Dr. Pratley: It also depends on what they're eating - depending on what they eat they're glucose profile
following the meal will change dramatically.

Q: Is there a limit to the dose that can be taken?

Dr. Pettus: No. Users can combine cartridges to get the quantity they need.

Q: Can patients on pumps use inhalation for small corrections if necessary?

Dr. Satish Garg: There are many patients using the 670G and who will take small corrections with the
Technosphere insulin, but it is important to keep in mind that the 670G will not take these correction doses
into consideration.
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Dr. Pratley: We have patients doing it with the 670G, so you may ask why they don't just take a bolus?
Because it takes forever! Up to three-five hours even.

Corporate Symposium: Multi-Mechanistic, Insulin-Based Approaches for
Achieving A1c/PPG Targets and Optimizing Safety in Challenging Patients
with Type 2 Diabetes (Sponsored by Sanofi)

Physiologic Basis and Practical Rationale for Fixed-Ratio Insulin/GLP-1 Agonist
Combinations

Vivian Fonseca, MD (Tulane University, New Orleans, LA)

Dr. Vivian Fonseca reviewed the rationale for fixed-ratio basal insulin/GLP-1 agonist combinations based on
their complementary mechanisms of action and the inadequacy of the current sequential treatment approach
to type 2 diabetes. He criticized the culture of clinical inertia that leads HCPs to fail to increase insulin doses
and/or add new medications as the disease progresses. He argued that combination therapy with drugs that
target multiple contributors to hyperglycemia is the most effective approach. Basal insulin/GLP-1 agonist
combinations are an attractive option because they target both fasting and postprandial glucose without
increasing the risk of hypoglycemia or causing weight gain, and the availability of fixed-ratio combinations
simplifies medication regimen and decreases injection burden. Dr. Fonseca spoke multiple times about the
merits of the basal/GLP-1 class at ADA 2018, even advocating that FDA change the product labels for Novo
Nordisk's Xultophy (insulin degludec/liraglutide) and Sanofi's Soliqua (insulin glargine/lixisenatide) so that
they can be prescribed as the first injectable in type 2 diabetes care, before insulin or GLP-1 monotherapy.

Advanced Basal Insulin Options and Improving Outcomes in T2D

Lawrence Blonde, MD (Ochsner Medical Center, New Orleans, LA)

Dr. Lawrence Blonde focused on the benefits of newer basal insulins, specifically Novo Nordisk's Tresiba
(insulin degludec) and Sanofi's Toujeo (insulin glargine U300). He reviewed the BEGIN and SWITCH trials
showing less hypoglycemia with Tresiba vs. Sanofi's first-gen Lantus (insulin glargine) and the EDITION
trials showing less hypoglycemia and weight gain with Toujeo compared to Lantus. He also discussed
DELIVER D+ (presented as poster 1056-P), a retrospective cohort study of EMR data that found a significant
reduction in overall hypoglycemia and hypoglycemia related to inpatient or ED encounters with Toujeo and a
numerical but not significant reduction with Tresiba. Tying this back to the main theme of the corporate
symposium, Dr. Blonde noted that despite improved options in basal insulin, many patients cannot reach
their target A1c with basal insulin alone. He explained that adding a GLP-1 agonist can be a good option when
additional basal titration is not working.

Questions and Answers

Dr. Vivian Fonseca: Both fixed-ratio combinations use U100 insulin. We have U200 degludec
and U300 glargine. Do you think we will see combinations with these in the future? Should we
be pushing for that?

Dr. Juan Frias: For IDegLira, degludec U100 and U200 have the same PK/PD profile, so it's a non-issue. The
question is about U300 glargine because it does have a different profile. My understanding is that with this
clinical development, the timing wasn't right. To my knowledge it's not in development. I honestly don't
know, but the data looks very good with glargine U100, so it is what it is.

Dr. Blonde: The data shows that the biggest difference between U300 and U100 glargine is a modest
reduction in hypoglycemia. Here we're adding a GLP-1 agonist to U100 insulin and it mitigates hypoglycemia
and shows significant improvements in A1c vs. U100 alone.

Dr. Pablo Mora: Real-world studies can't control for everything completely. They can only attribute
hypoglycemia to basal insulin, but you have to account for other risk factors like being elderly or having
sulfonylureas on board.
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Q: Would this patient Emmanuel [one of the case studies] be sent for a medical nutrition
therapy consult?

Dr. Frias: Yes.

Dr. Fonseca: I send everyone to a nutritionist because I know so little about diet.

Q: What is the upper age limit for GLP-1 agonists?

Dr. Blonde: To me, age is less important than its accompaniments. I think age itself is not particularly serious;
it's whether you have comorbidities that might be an issue. I don't have a specific age limit.

Dr. Mora: For example, liraglutide has been studied in people 65, 75 and older and been found to be safe.

Dr. Fonseca: I've developed a dislike for studies that call 65 elderly. It's frailty, ability to inject, and renal
insufficiency that are important.

Q: Do you use GLP-1 agonists in patients already on basal-bolus insulin?

Dr. Mora: Yes, there are even guidelines saying that it's a far better choice to add a GLP-1 agonist to basal
insulin than to add prandial insulin. We do add it for patients on basal-bolus therapy. That's one way we
"rescue" accumulated insulin. Very commonly, patients tend to be able to reduce their prandial and basal
insulin.

Dr. Blonde: I've taken people on basal-bolus insulin and added a GLP-1 agonist and they were able to reduce
their insulin.

Dr. Fonseca: I do a lot of this at the VA. For patients on basal-bolus who are poorly controlled, I add a weekly
GLP-1 agonist. They're already doing 28 injections a week, so I don't want to add a fifth every day. I cut down
their dose of prandial insulin. They lose lots of weight and many come off the prandial insulin; some remain
on it.

Dr. Blonde: We may be able to do some switching to the co-formulation.

Dr. Fonseca: Some people may be on too high of an insulin dose

Dr. Frias: 28 shots a week is pretty bad.

Q: Do you add GLP-1 agonists to U500 insulin?

Dr. Fonseca: I don't have many patients on U500 insulin. There's no reason not to.

Dr. Mora: Five years ago I used to have far more patients who appeared to require U500 insulin. Maybe it's
just a perception, but the introduction of GLP-1 agonists and SGLT-2 inhibitors kind of forced us not to
require concentrated insulin as often.

Q: Would you use Soliqua twice a day because of its short half-life?

Dr. Mora: There was always a concern that if you were to give lixisenatide alone, you would need to give it
more than once a day. Based on the LixiLan-O trial, there was as much effect with the fixed-ratio combination
given in the morning.

Dr. Frias: With lixisenatide, it didn't make much difference to give it twice a day and there were more side-
effects.

Q: How do you predict responders to this combination?

Dr. Fonseca: Not everyone responds to GLP-1 agonists. Everyone responds here because you have insulin.

Dr. Frias: With any medication, when you look at a clinical trial the results are the average values. That means
half do worse and half do better. At the end of the day, there are probably some characteristics that predict
response, but in my practice it's hard to predict. Try something and monitor the patient. If it's not working,
change it.
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Dr. Fonseca: They're looking at glycated albumin as a biomarker for glucose control. That should be approved
by the end of the year. Otherwise you're waiting for the A1c in three months; here we'll get an answer in two
weeks.

Dr. Mora: My observation is that patients on GLP-1 agonists tend to fall into three categories. There are some
people who are extremely sensitive, who start gagging when you put the pen in front of them. There's another
group that's mildly sensitive that tends to do well. There's also a group that's very resistant, that need higher
doses. There is some concept of resistance to GLP-1 agonists.

Q: I had a patient on Lantus on Humalog, 150 U/day, who switched to Xultophy 50 U once a
day. Their A1c dropped from 9% to 7.2% and they had a fair amount of weight loss. How did
that happen?

Dr. Blonde: They switched to a much simpler regimen.

Dr. Fonseca: It's the simplicity. The patient probably wasn't taking all four injections. I've had patients on
those doses switch and have great responses. It spares lots of insulin.

Q: Why does insurance approve Xultophy and Victoza but not Saxenda?

Dr. Fonseca: Getting approval for weight loss is much more challenging. The maximum dose of liraglutide for
glucose lowering is 1.8 mg. With Saxenda you get more weight loss but you don't get more glycemic response.

Dr. Mora: They're looking into whether there's the same progression with semaglutide and dulaglutide.

Q: When would you choose semaglutide instead of a fixed-ratio combination? When you need
to lose lots of weight?

Dr. Frias: That's a good question. That could be a nice study to do, looking at the free combination with
semaglutide vs. a fixed-ratio combination. Lots of the time it's a matter of insurance coverage and
convenience.

Dr. Blonde: It's classic shared decision-making - here are the options, do you have a preference?

Dr. Frias: There were patients in both trials who reached the maximum dose. Most achieved their goal but
some did not. There are situations where you start one of the combinations and reach the maximum dose and
the patient is not under control. Then you can split the difference: keep titrating the insulin and use a GLP-1
agonist separately.

Dr. Mora: In terms of weight loss, there hasn't been a head-to-head study. Once you achieve glycemic control,
you have increased weight reduction at the full dose of semaglutide.

Q: Are these combinations safe in patients with CKD?

Dr. Frias: They haven't been studied much in patients with a GFR <30. GLP-1 agonists don't have a negative
effect on the kidney, but if you have dysfunction you can get dehydrated and prerenal and have a problem.

Dr. Fonseca: There were a fair number of people on liraglutide in LEADER with CKD and they actually did
very well.

Dr. Frias: I would be cautious with it, especially with a GFR <30.

Q: How does the price stack up?

Dr. Frias: I'm not sure. I would talk to a rep. There are usually good programs companies have for patient
assistance. If the patient has insurance, there's the advantage of having one copay instead of two. Right now
there are programs to assist with copays. I don't know what the exact price is.

Q: How come insulin levels go down with short-acting GLP-1 agonists and up with long-acting
ones?

Dr. Mora: Since you decrease gastric emptying, you don't need as much insulin secretion. It's not necessarily
an effect of decreased insulin action, there's just less needed.
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Q: Are oral GLP-1 agonists coming? Will anyone use injectables after that?

Dr. Frias: We'll see the data. It's looking good for oral semaglutide.

Dr. Blonde: No single medication is perfect for everyone. This is a great thing compared to when I started,
when we were lucky to get two or three blood sugars a year and only had animal insulins and sulfonylureas.
Now we have a plethora of agents that provide lots of options.

Dr. Fonseca: Until then, we have this and it's very effective.

Treatment Algorithms and Strategies

Symposium: Management of Hyperglycemia in Type 2 Diabetes

Draft ADA/EASD Consensus Report 2018

Melanie Davies, PhD (University of Leicester, UK); Apostolos Tsapas, MD (Aristotle University
of Thessaloniki, Greece); Judith Fradkin, MD (NIDDK, Silver Springs, MD); Peter Rossing,
MD (Steno Diabetes Center, Copenhagen, Denmark); Deborah Wexler, MD (MGH, Boston,
MA); Geltrude Mingrone, MD (UNICATT, Milan, Italy); Walter Kernan, MD (Yale University,
New Haven, CT); David D'Alessio, MD (Duke University, Durham, NC); Chantal Mathieu, MD
(UZ Leuven, Belgium); John Buse, MD (University of North Carolina, Chapel Hill, NC)

In a packed early-morning session, the ADA/EASD 2018 consensus committee outlined the major
recommendations in its draft report on type 2 diabetes management. Perhaps most notably, the committee
has endorsed SGLT-2s/GLP-1s for patients with CV disease, and promotes GLP-1 agonists as a first injectable
therapy ahead of insulin. Overall, we see these guidelines as a much-needed step forward; the last ADA/EASD
position statement was published in 2015, and we've seen multiple landmark trials since then (EMPA-REG,
LEADER, CANVAS, DEVOTE) that should be influencing clinical care. We encourage all to watch the full
presentation here. Committee co-chairs Dr. Buse and Prof. Melanie Davies (what a duo!) led Drs. David
D'Alessio, Judith Fradkin, Walter Kernan, Chantal Mathieu, Geltrude Mingrone, Peter Rossing, Apostolos
Tapas, and Deborah Wexler in updating the ADA/EASD position statement. Notably, our report on the 2015
update includes "cardiovascular" only twice! Below, we outline the most notable components of the new draft
consensus, with the caveat that this is not the final version.

▪ GLP-1s and SGLT-2s will be recommended as second-line therapy in any patient with
established CV disease, with additional specificity based on whether atherosclerosis
or heart failure is the primary concern. The speakers mentioned repeatedly that metformin (+
lifestyle) will still be the first-line, foundational intervention for type 2 diabetes. If ASCVD is the
predominant pathophysiology, a GLP-1 agonist with CV benefit should be prescribed; the committee
members have even established an order of preference, with liraglutide (Novo Nordisk's Victoza)
ranked above semaglutide (Novo Nordisk's Ozempic) ranked above long-acting exenatide (AZ's
Bydureon). If the patient isn't tolerating GLP-1, then the committee suggests an SGLT-2 inhibitor
with proven CV benefit, provided eGFR is high enough (≥45 ml/min/1.73 m in the US). The2

committee considers empagliflozin (Lilly/BI's Jardiance) preferable to canagliflozin (J&J's
dapagliflozin) - we aren't sure if this will persist given data of the last week. If A1c remains above
target, the draft stipulates that HCPs should add the other class if it has not been attempted before
(i.e. an SGLT-2 on top of GLP-1, or GLP-1 on top of an SGLT-2), a DPP-4 inhibitor (if not on GLP-1),
basal insulin, a TZD, or an SU. That said, if heart failure is the predominant pathophysiology, the
committee recommends against TZDs and saxagliptin (AZ's DPP-4 inhibitor Onglyza).

◦ The SGLT-2 inhibitor ranking makes sense to us, since canagliflozin showed
an amputation signal in CANVAS that had yet to be sorted out when the
guidelines were put together. AZ also manufacturers an SGLT-2 inhibitor, Farxiga
(dapagliflozin). As Prof. Philip Home alluded to during Q&A, the DECLARE CVOT for
dapagliflozin will likely be reporting later this year. Does this mean we'll have to wait
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another three years for dapagliflozin to be incorporated into this consensus statement
(provided DECLARE is a positive CVOT)? Dr. Will Cefalu described how the ADA
Standards of Care was just this year made into a "living document" that can be edited more
than once a year. He explained that this is easier to do with one organization vs. two, but
committee members seemed in agreement that updates to the document may be needed
sooner rather than later, as our insight on cardioprotection is rapidly changing. We were
surprised to see liraglutide preferred over semaglutide by the writing committee, given
how potent semaglutide is (some even call it best-in-class). That said, in terms of CV
outcomes data, SUSTAIN 6 was a shorter, smaller trial than LEADER.

◦ During Q&A, Dr. Davies clarified that this stands as a hard recommendation
for any patient not at target (presumably for now defined by A1c). For patients
with established CV disease who are meeting glycemic goals, however, the draft statement
recommends that consideration be given to either switching or adding a cardioprotective
diabetes therapy (i.e. a softer recommendation). And importantly, in this committee's
proposed framework, step no. 1 for a healthcare provider is assessing CV disease history
and CV disease risk in their patients with type 2 diabetes - it's so critical that CV risk
reduction strategies are a central piece of diabetes care, even if people don't have access to
GLP-1s and SGLT-2s or don't take them for any other reason.

◦ Dr. Wexler noted certain limitations in the evidence used to generate these
recommendations: For one, there's no evidence of CV benefit in patients without prior
events, so these trials really only apply to ~20% of the total population with type 2
diabetes. That doesn't necessarily mean the benefits don't exist in primary prevention, only
that this hasn't been adequately studied. One CANVAS post-hoc was cited a couple times:
Originally presented at AHA 2017, this analysis found significant heart failure benefit with
canagliflozin in the primary prevention cohort, but no significant difference on MACE
events. Additionally, there is no CVOT data supporting the use of GLP-1s and SGLT-2s in
combination. The relative preference of agents is based on a single trial for each, and it's
difficult to discern whether within-class differences are due to trial design or the molecules
themselves. Finally, heart failure was a secondary endpoint in both CANVAS and EMPA-
REG, meaning these events were not adjudicated quite as rigorously.

▪ GLP-1 agonists are recommended as first injectable therapy before insulin when a
patient is not at target with oral agents. While injectable therapy is still framed as an
"escalation" of treatment - which one attendee questioned as semantically harmful (similar to how
it's dangerous to position insulin as a later or last resort) - we are so excited to see GLP-1 gain such a
prominent spot. Dr. D'Alessio explained that the vast majority of patients will probably still prefer
oral medications, and he clarified that clinical characteristics should still be considered when
selecting an injectable. For example, the committee prefers basal insulin in the case of harmful
weight loss or catabolism (indicating serious insulin insufficiency). Dr. D'Alessio emphasized that
weight is a concern for almost every patient with type 2 diabetes; while some fixate on it more than
others, GLP-1 agonists clearly have an edge over basal insulin, as the former gives weight loss while
the latter spurs weight gain. Further, Dr. D'Alessio highlighted the superiority of GLP-1 agonists
over basal insulin on hypoglycemia, another very important outcome for patient safety and quality of
life. If a patient is already on a GLP-1 agonist and basal insulin is needed for further glucose-
lowering, Prof. Mathieu made a plug for fixed-ratio basal insulin/GLP-1 combinations (Sanofi's
Soliqua and Novo Nordisk's Xultophy). She explained that basal insulin can be intensified with a
GLP-1, SGLT-2, or prandial insulin, as outlined in the draft statement. If a patient is on both GLP-1
and basal insulin and isn't meeting A1c goals, prandial insulin should be added in a stepwise
manner.

◦ The committee did draw distinctions between specific insulins in figures and
tables, but these were not reviewed in this session. We'd venture a guess (since
these thought leaders certainly appreciate glycemic outcomes beyond A1c and
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hypoglycemia) that insulin degludec (Novo Nordisk's Tresiba) will be preferred given the
40% risk reduction for severe hypoglycemia vs. glargine (Sanofi's Lantus) in DEVOTE
although it would be a big deal for them to recommend a next-generation insulin so we will
wait to see.

▪ Committee members did not find sufficiently robust evidence that initial combination
therapy leads to long-term improvements in outcomes. "The evidence for dual therapy
itself is weak and going beyond dual therapy is an evidence-free zone." This was disappointing from
our view given that so many patients are diagnosed with A1cs well about 7% and since there are
multiple other therapeutic areas where combination therapy is a given - that said, we suspect they
are just looking for more eve. Moreover, speakers acknowledged higher cost with polypharmacy, and
in general established cost as an important variable in diabetes treatment decisions. We note that
AACE currently recommends initial dual therapy for any patient with A1c ≥7.5% and initial triple
therapy for any patient with A1c >9% + symptoms. ADA has historically been more conservative
than AACE in its medication guidelines, and the 2018 Standards of Care suggest dual therapy for
anyone with baseline A1c >9%. This ADA/EASD-commissioned committee only recommends initial
combination therapy in people who are at least 1.5% above their personal target, which brings us to
another key point…

▪ This report aims to provide recommendations on how best to reach glycemic goals. It
does NOT aim to pre-specify those goals for the entire type 2 diabetes population. This
is an incredible nod to personalization of targets, in our view, and it could be a more effective
strategy in improving real-world outcomes instead of arguing with ACP or any other professional
organization about <8% vs. <7% vs. <6.5% and what will work best for the broad patient population.

▪ While the jury may still be out on initial combination therapy, we would like to see
influential professional organizations drive a shift toward earlier, faster
intensification of treatment. Patients everywhere spend far too much time in hyperglycemia
and out-of-range, not meeting goals on metformin. Could a more aggressive shift in algorithms
make a dent in clinical inertia? What could this consensus statement say that would abolish, once
and for all, the treat-to-fail paradigm? We have our wheels turning for what comments we might
submit to this committee, and this lack of recommendation for earlier combo therapy is certainly on
our minds.

▪ GLP-1s and SGLT-2 are now considered safe for patients with CKD and high CV risk.
The draft notes the safety of both classes in this set of patients (with dose reductions required for
some medications), as well as the renal and CV benefits that some molecules have demonstrated
even at a low eGFR. A CANVAS post-hoc presented at this very meeting (by Dr. Dick de Zeeuw)
illustrates this latter point (canagliflozin gave cardioprotection to people with low baseline eGFR,
even though A1c-lowering was attenuated for this subgroup). Because SGLT-2 CVOTs have found no
excess adverse events in those with an eGFR <60 ml/min/1.73 m and have enrolled people down to2

30 ml/min/1.73 m , the committee feels safe recommending them at reduced renal function. GLP-12

agonists are specifically not recommended in end-stage renal disease due to limited experience and
increased GI side-effects at lower eGFR.

◦ Despite this ringing endorsement for safety, the committee is not (yet?)
currently recommending SGLT-2s (or GLP-1s) for renal protection. We point to
strong renal benefits seen in CANVAS and EMPA-REG OUTCOME. The panel explained
that ongoing renal outcomes trials will offer better evidence on this endpoint in the next
couple of years. During Q&A, Dr. Silvio Inzucchi questioned whether the evidence for renal
protection was not as strong as the evidence for heart failure, and the committee didn't
disagree. We do find it a somewhat curious choice to make explicit recommendations
based on heart failure but not on renal outcomes given equally compelling evidence,
though the heart failure benefit to the SGLT-2 class has been corroborated by a number of
real-world studies (CVD-REAL, EASEL, OBSERVE-4D) in a way that the renal benefit has
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not (yet). Might renal protection be the new cardioprotection in the next iteration of this
consensus statement?

▪ We noticed an increased focus on patient-centered care and shared decision-making
from this writing committee. Dr. Fradkin (acting outside of her capacity at NIH) explained the
basic balancing of risks and benefits around personalized treatment goals, taking into account issues
of hypoglycemia risk, life expectancy, regimen complexity, disease duration, and CV status in
answering the question: How much does a patient stand to benefit from stringent glucose control?
From there, treatment should be selected with patient preferences at the very center, also taking into
account issues of cost, efficacy, side-effects, and risks. Dr. Fradkin also highlighted the role of
behavioral interventions and metabolic surgery, in a presentation otherwise very focused on
pharmacotherapy.

▪ The draft statement offers sample algorithms. If cost is a major issue, SUs and TZDs are
recommended before adding insulin (NPH preferred) or a DPP-4 or SGLT-2 with the lowest
acquisition expense. If weight is a significant concern in those without CV disease, SGLT-2s and
GLP-1s are recommended after metformin, followed by whichever of the two the patient has not
tried, followed by DPP-4 inhibitors (SUs and basal insulin come with warnings). Another algorithm
is focused on glucose control while minimizing hypoglycemia, which offers four separate pathways
and discourages the use of insulin and SUs.

▪ Dr. John Buse brought this session to a close by outlining knowledge gaps and
lingering questions. We were particularly interested in his comments on metformin as first-line.
"Is metformin's role as foundational therapy evidence-based, or just a quirk of history? If SGLT-2s
were the first agents that arrived, is it possible that they would be the foundational therapy, and we'd
be wondering if metformin should move up in the algorithm?" Indeed, we've attended several
debates on this topic at recent conferences, and we do think we'll see a day in the not-too-far future
when metformin is no longer first-line. This is especially likely, in our opinion, once DPP-4s, GLP-1s,
and SGLT-2s go generic. Dr. D'Alessio explained that metformin first was debated at length within
the writing committee as well, but the composite of efficacy, safety, tolerability, and cost led to this
decision to maintain status quo.

Symposium: The Veterans Affairs Diabetes Trial (VADT) at 15 Years

Long-Term Results and Independent Commentary

Peter Reaven, MD (University of Arizona College of Medicine, Phoenix, AR); Nicholas
Emanuele, MD (Loyola University, Chicago, IL); Hertzel Gerstein, MD (McMaster University,
Hamilton, Ontario)

A Sunday afternoon symposium offered new data from the VADT follow-up (VADT-f) out to 15 years, meaning
it's been 10 years since the intervention (intensive glucose control vs. standard care) was stopped. Results
were negative overall, in that neither microvascular nor macrovascular risk were significantly reduced in the
intensive control arm at 15 years (intensive control being an aim to lower A1c by 1.5% from baseline). As a
reminder, the original VADT (n=1,791) found no significant benefit on the primary CV endpoint, either; some
attribute this to low event rate. Dr. Peter Reaven took the stage to discuss macrovascular results from VADT-f.
The hazard ratio for the primary composite CV outcome was 0.91 trending toward intensive control (95% CI:
0.78-1.06, p=0.23). The Kaplan-Meier curves show a gradual separation between groups, followed by a
gradual re-joining of the curves. At 15 years, intensive glucose control did not meet any secondary CV,
diabetes, or mortality outcomes; there was no evidence of a legacy effect. For reference, the primary endpoint
of VADT was a composite of MI, stroke, CV death, new or worsening heart failure, amputation for ischemic
gangrene, surgery (for cardiac, cerebrovascular, or peripheral vascular disease), and inoperable CAD. For the
interim and final VADT-F analyses, the primary endpoint included MI, stroke, new heart failure, CV death,
and ischemic amputation. Dr. Nicholas Emanuele followed Dr. Reaven with a presentation of microvascular
effects, and again, risk was well-balanced across groups at 15 years. For the renal composite outcome of eGFR
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<45 ml/min/1.73m , sustained macroalbuminuria, or end-stage renal disease, the hazard ratio was 0.902

trending toward intensive control (95% CI: 0.63-1.27, p=0.55). For eye events, the hazard ratio was 0.84 (95%
CI: 0.70-1.00, p=0.053). Importantly, mean A1c rose in the intensive control arm in the interim 10 years, so
that it closely matched A1c of the standard control group. In providing independent commentary, Dr. Hertzel
Gerstein asserted that achieving tight glycemic control and maintaining tight control are both important in
avoiding diabetes complications.

▪ Ultimately, some of the greatest learning from this session came during the panel
discussion with audience Q&A. An overly simplistic interpretation of VADT-f would be that
current A1c targets are invalidated, and there's nothing special about reaching A1c below 7%. Dr.
Gerstein refuted this immediately. He put these results in context with ACCORD, ADVANCE, and
UKPDS - when all four are analyzed together in one meta-analysis, there is a significant
microvascular benefit overall to A1c <7%. Moreover, Dr. Gerstein emphasized the importance of
personalized targets. "Please put your hand up if you're average. Nobody is average!" he asserted,
continuing "clinical trials do not tell you how to treat the patient in front of you, because they just
say what works on average." Indeed, when asked what A1c goal they set for their patients today,
none of the panelists could give a clear answer - because it always depends. This discussion also
featured a nod toward outcomes beyond A1c and outcomes-based medicine, when Dr. Reaven noted
that treatment decisions today should consider cardioprotection as seriously as glycemic effects.
GLP-1 use was incredibly low in the VADT, and SGLT-2s weren't even available yet, which further
calls into question how relevant this is to modern diabetes practice. "Speaking as a VA physician,"
Dr. Reaven remarked, "SGLT-2 and GLP-1 use is still very low today." And we believe, we will look
back upon this and see this as shameful.

Symposium: Diabetes is Primary

Cardiovascular Risk and Treatment Options - Primary Care Successes

Mikhail Kosiborod, MD (St. Luke's Mid America Heart Institute, Kansas City, MO)

Dr. Mikhail Kosiborod advocated for a paradigm shift in type 2 diabetes management, transitioning focus
from A1c reduction to comprehensive CV risk reduction with a goal of helping patients live longer and feel
better. Speaking to a primary care audience, Dr. Kosiborod provided a brief history lesson on diabetes clinical
trials, starting with studies that showed no CV risk reduction with intensive glucose control. He moved from
there to the 2008 FDA CVOT guidance (hard to believe that was 10 years ago!), and then discussed the first
spate of neutral CVOTs (mostly evaluating DPP-4 inhibitors). Finally, he summarized the positive CVOTs
(EMPA-REG, LEADER, SUSTAIN 6, IRIS, CANVAS) from the past three years. Speaking to the net impact of
these five trials, Dr. Kosiborod asserted, "we now live in a different world." Treating diabetes is about so much
more than glucose, because we now have treatments in our toolkit that impact hard outcomes like all-cause
death, heart attacks, strokes, and hospitalizations for heart failure (not to mention renal endpoints, quality of
life endpoints, etc.). Offering practical advice to PCPs in the room, Dr. Kosiborod presented his personal
treatment paradigm for the management of CV disease in type 2 diabetes, which he debuted at CODHy Latin
America 2017 and discussed again more recently at CODHy 2018. Dr. Kosiborod's approach recommends
different drug classes based on the specific CV dysfunction in the patient, ranging from CV risk factors only to
end-stage heart failure. Notably, Dr. Kosiborod included a slight update to his previously-presented algorithm
and listed SGLT-2 inhibitors as potentially promising for asymptomatic left ventricular dysfunction,
symptomatic heart failure/heart failure hospitalization, and end-stage heart failure. While acknowledging that
it may be premature to prescribe an SGLT-2 inhibitor for end-stage heart failure, he highlighted the exciting
ongoing trials for Lilly/BI's Jardiance (empagliflozin) in people with chronic heart failure with or without
diabetes. We'd add that AZ has launched a similar program for Farxiga (dapagliflozin) in heart failure with or
without diabetes, and we've heard from numerous experts that heart failure benefit is a probable class effect
of SGLT-2s.

▪ Dr. Kosiborod characterized the language regarding ASCVD risk management in the
ADA 2018 Standards of Care as a "huge step forward for people with diabetes and CV
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disease." The 2018 Standards of Care recommend empagliflozin, liraglutide, and canagliflozin to
reduce CV events in people with type 2 diabetes and ASCVD. Dr. Kosiborod underscored that A1c is
not mentioned in these statements at all. As he put it, "it doesn't say use this if A1c isn't well
controlled. It just says if you have diabetes and CV disease, use these." According to Dr. Kosiborod,
this drives home the prevailing consensus that A1c is not an effect modifier for these drugs.

What's New in the Standards of Medical Care in Diabetes?

Amy Butts (Weirton Medical Center, Weirton, WV)

CDE Ms. Amy Butts called attention to major updates to the 2018 edition of ADA's Standards of Medical Care
in Diabetes. She especially emphasized care improvement in populations. Bolded below are the specific
changes she discussed during her presentation.

▪ Improving Care and Promoting Health in Populations. The 2018 Standards of Care urge
providers to form open, trusting relationships with patients. Ms. Butts suggested that this core
strategy could substantially improve diabetes care within population segments. Approximately
33%-49% of diabetes patients do not meet their A1c targets, she stated. In order to swing the
pendulum away from a reactive and toward a proactive paradigm of healthcare, Ms. Butts advocated
that HCPs establish strong relationships with patients so that shared decision-making becomes a
reality. She also recommended that providers tailor treatment plan to fit a patient's social realities.
She named several social determinants of health, including (but not limited to) food insecurity,
financial restrictions, and access to housing.

▪ Classification and Diagnosis of Diabetes. After discussing communication as a major tool for
improving health outcomes, Ms. Butts highlighted small changes to the categorization and diagnosis
of diabetes. According to the 2018 Standards of Care, A1c and plasma glucose levels are now distinct,
and screening for prediabetes is recommended for all children and adults with overweight/obesity.
Additionally, patients who undergo an organ transplant are encouraged to be screened for
hyperglycemia.

▪ Comprehensive Medical Evaluation and Assessment of Comorbidities. In terms of
evaluating a patient with diabetes (before devising a care plan), Ms. Butts reiterated the importance
of personalization and consideration of social determinants of health. She referenced the
Comprehensive Diabetes Evaluation, which includes sections about technology, social factors,
psychosocial screening, physical exams, and lab reports.

▪ Lifestyle Management. According to the 2018 Standards of Care, people living with diabetes
should take advantage of Diabetes Self-Management Education and Support (DSMES) programs
both at diagnosis and on a subsequent annual basis. We've heard that DSMES utilization remains
very low in the real world, even when it is covered by Medicare, for example (which we take to mean
that people don't know what's reimbursed and what's not). Moreover, Ms. Butts emphasized that
there is no one "right" nutritional plan for everyone with diabetes; she suggested that patients
centralize their focus on calorie intake and output.

▪ Glycemic Targets and Pharmacologic Approaches to Glycemic Treatment. Ms. Butts
explained that CGM use is encouraged in order to avoid hypoglycemia unawareness. She also
alluded to the increased emphasis on screening for atherosclerotic CV disease. Indeed, we were
excited to see more explicit endorsement of GLP-1s and SGLT-2s for cardioprotection in this latest
edition of the ADA's Standards of Care. We suspect these recommendations will only become
stronger in future iterations of these guidelines: For one, evidence continues to accumulate pointing
to the CV benefits of these therapy classes (by the end of 2018, we'll have new results from AZ's
DECLARE and Lilly's REWIND, for SGLT-2 inhibitor Farxiga and GLP-1 agonist Trulicity,
respectively). Moreover, the new ADA/EASD consensus statement for 2018 contains specific
recommendations on which GLP-1s and which SGLT-2s to prescribe, and the field certainly seems to
be moving in this direction, making CV risk reduction a central component of diabetes management.
We actually found ADA's stance on CGM to be overly conservative, though there were meaningful
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advances from the 2017 Standards of Care and earlier versions (e.g. adult recommendation for CGM
changed to 18+ from the previous 25+).

▪ Children and Adolescents. We were disheartened to hear that there are 5,000 new diagnoses of
type 2 diabetes among children/adolescents every year. While newer agents have not yet been
studied in children, ADA recommends at least 60 minutes of physical activity/day, nutrient dense
foods, metformin, and basal insulin. The presentation of RISE Peds results was a major highlight of
ADA 2018, and unfortunately, this study found that neither metformin nor basal insulin glargine are
effective in preserving beta cell function in youth with prediabetes or type 2 diabetes. Dr. John Buse
provided independent commentary on RISE Peds, and his main message was that we need much
more research into the pathophysiology of youth-onset type 2 diabetes to understand what
interventions will work - we're already curious to see how these recommendations for children and
adolescents will change in future ADA guidelines.

▪ Management of Diabetes in Pregnancy. In pregnant women, the Standards of Care
recommends insulin, since this drug does not cross the placenta. Ms. Butts clarified that after the
first trimester, aspirin can be added in order to decrease the risk of preeclampsia.

▪ Diabetes Care in Hospitals. Tresiba (Novo Nordisk's insulin degludec) has been included as an
option for basal insulin delivery in hospitals.

▪ All in all, this was an engaging and informative talk, and it was interesting to note
which aspects of diabetes management Ms. Butts chose to emphasize for a primary
care audience. We were glad that both CGM and cardioprotection came up, though there was less
focus on these two areas than we might've expected. The spotlight on patient-provider interactions
and empathy was extremely valuable. Zooming out, it was great to see the ADA Standards of Care
presented specifically to PCPs, because we'd be kidding ourselves if we thought the majority of
diabetes patients see a specialist who is well-versed in all the latest guidelines (even
endocrinologists, of course, are overworked).

Symposium: First-Line Treatment for T2D

Should Metformin Remain the First-Line Therapy for Type 2 Diabetes?

Vanita Aroda, MD (Brigham and Women's Hospital, Boston, MA); Alice Cheng, MD
(University of Toronto, Canada)

University of Toronto's Dr. Alice Cheng urged HCPs to "break up with metformin" in an engaging debate
session on what should constitute first-line therapy for type 2 diabetes. She cast metformin as a teenage first
love, arguing that it's time to realize that there are "other fish in the sea" - namely SGLT-2 inhibitors and
GLP-1 agonists. Dr. Cheng outlined five reasons why patients "deserve better": (i) Metformin only addresses
one member of the ominous octet (hepatic glucose production) vs. multiple for SGLT-2 inhibitors and GLP-1
agonists; (ii) Metformin doesn't produce weight loss and improvements in blood pressure to the same extent
as SGLT-2s and GLP-1s; and, alluding to compelling CVOT data, metformin hasn't shown improvements on
(iii) renal outcomes; (iv) CV outcomes; or (v) all-cause mortality. On the other hand, Brigham and Women's
Dr. Vanita Aroda argued that metformin should remain first-line therapy. She underscored that metformin is
the best-studied diabetes medication around - with solid safety and tolerability, and compelling long-term
outcomes data (most notably from DPP and UKPDS). Quoting colleague Dr. Julio Rosenstock, Dr. Aroda
further underscored that "no amount of data is ever going to replace a $4/month medication," adding that
this is especially true when contrasting metformin with SGLT-2 inhibitors and GLP-1 agonists, whose
corresponding CVOTs - though compelling - are translatable to only ~10% of the diabetes patient population.
To this, Dr. Cheng rebutted that "you get what you pay for," noting that SGLT-2 inhibitors and GLP-1
agonists, though more expensive, are cost-saving in the long term because of their glycemic durability and
improved clinical outcomes. The speakers found common ground in the indisputable role of metformin as
foundational therapy, but we tend to agree with Dr. Cheng that combination therapy with metformin and
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other more advanced diabetes agents should occur much earlier in the treatment algorithm - perhaps from
the very beginning of treatment.

Symposium: New-Onset Type 2 Diabetes in the Youngest and the Oldest

New-Onset Type 2 Diabetes Among the Elderly

Hermes Florez, MD (University of Miami, FL)

Miami's Dr. Hermes Florez illuminated the relationship between type 2 diabetes and "geriatric syndromes" in
the elderly, emphasizing that diabetes can decrease functional status and decreased functional status is in
turn associated with poorer diabetes outcomes. Dr. Florez highlighted the role of decreased functional status
in increasing risk of developing type 2 diabetes, and he noted that the increased fatigability, muscle weakness,
decreased endurance capacity, and muscle wasting common to aging populations can lead to decreased
physical activity and higher risk of type 2 diabetes, hypertension, dyslipidemia, and - ultimately - CV disease.
Dr. Florez further underscored that, in addition to microvascular and macrovascular complications, type 2
diabetes in the elderly can contribute to several markers of increased frailty. Along with age and comorbid
conditions, type 2 diabetes can lead to depression, cognitive impairment, gait problems and falls,
polypharmacy, pain, and urinary incontinence. Indeed, Dr. Florez highlighted data demonstrating that
prevalence of depression and cognitive dysfunction is higher among the elderly with diabetes than the elderly
without diabetes. At the same time, he also pointed to studies that indicate depression and cognitive
dysfunction is associated with poorer glycemic management among older adults with diabetes. All in all, Dr.
Florez argued for a more comprehensive approach to older adults with diabetes that takes into account
medical, psychological, functional, and social considerations. Looking to the future, he called for more
research into integrated approaches to diabetes care, with the goal of reducing hypoglycemia rates,
determining more appropriate diabetes targets for the elderly, increasing diabetes self-management and self-
efficacy among the elderly, enhancing quality of life, and lengthening life expectancy.

▪ Regarding glycemic targets for elderly adults, Dr. Florez argued for a functional
status-based approach, rather than an age-based approach. He highlighted the ADA 2012
consensus report on the care of diabetes in older adults, which recommends a range of A1c targets
for older adults (65+) depending on their health status. The consensus document recommends an
A1c <7.5% for healthy older adults with few co-existing chronic illnesses and with intact cognitive
and functional status. An A1c <8.0% is recommended for the elderly with multiple co-existing
chronic diseases, more than two impairments in instrumental activities of daily living (ADL), or mild
to moderate cognitive impairment. Finally, the consensus report recommends a higher A1c target
<8.5% for those in long-term care facilities with end-stage chronic illnesses or those with moderate
to severe cognitive impairment. These recommendations were echoed in the latest ADA 2018
Standards of Care. The issue of higher A1c targets for older adults has been a major point of
controversy for several years, a fact that Dr. Florez acknowledged in his presentation. Most recently,
the American College of Physicians (ACP) suggested that no glycemic target be set at all for elderly
diabetes patients - we found this extremely simplistic, an antithesis to the idea of personalizing
treatment goals, and most diabetes thought leaders did too as you'll see in our coverage of the
guidelines. We obviously recognize that there are reason for the guidelines, particularly overworked
and under-educated (on diabetes) PCPs.

▪ Dr. Florez highlighted the differences between elderly-onset type 2 diabetes and
middle-age onset. Compared to those who develop diabetes in middle age, those with diabetes
onset ³65 years are more likely to have a shorter diabetes duration, a lower mean A1c, lower insulin
use, and lower incidence of retinopathy. These are all traditional markers of diabetes severity and
risk of complications. Importantly, however, Dr. Florez emphasized that there is no difference in
prevalence of CV risk among those with elderly-onset vs. middle-age onset type 2. As a result, it's
crucial to manage CV risk head on in elderly persons with diabetes, regardless of their other diabetes
markers.
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Oral Presentations: Updates from Type 2 Diabetes Trials

Durable HbA1c Reduction with Initial Combination Therapy with Metformin/
Pioglitazone/Exenatide in Subjects with New-Onset Diabetes - Six-Year Follow-Up
of the EDICT Study

Muhammad Abdul-Ghani, MD (University of Texas Health Science Center, San Antonio, TX)

EDICT investigators found continued efficacy of triple combination therapy (metformin + TZD pioglitazone +
GLP-1 exenatide) out to six years, as we learned in Dr. Muhammad Abdul-Ghani's oral presentation. Mean
A1c remained low around 5.8% in the triple therapy group, but increased slightly in the conventional therapy
arm to ~6.7% (p<0.0001). At three years, participants had reached A1c ~5.8% with triple therapy and ~6.5%
with conventional treatment (p<0.0001), after starting with baseline A1c of 8.7%-8.8%. Recall that EDICT
enrolled newly-diagnosed patients, so mean diabetes duration at baseline was only ~five months; baseline
BMI was~36 kg/m and participants were 46 years-old, on average. Dr. Abdul-Ghani reported a ~10-fold2

difference in hypoglycemia between the two treatment groups over six years, favoring the combination
regimen (p<0.0001). He noted that at least 80% of participants in the triple therapy arm maintained A1c
below the 6.5% target at the six-year mark vs. fewer than 50% of people receiving standard of care. This is a
stark difference, pointing to early triple therapy as the more favorable approach to diabetes management,
although we should mention that sample size had dwindled somewhat by year six. Dr. Abdul-Ghani estimated
that between 30%-40% of the original participant pool (n=271) made it into the six-year analysis, and this
detracts from the robustness of results. That's not to say that we aren't convinced of the advantages to early
combination therapy, and in fact, we'd love to see more of this treatment approach in real clinical settings
(related, we hope that payers make early combination regimens an affordable/accessible option). We do
wonder whether metformin + pioglitazone + exenatide is the right combination, although answering that
question will surely require much more research. At ENDO 2018, Yale's Dr. Silvio Inzucchi referred to the
EDICT trial as "so 1980s" because we now have more advanced diabetes drugs at our disposal, such as
SGLT-2 inhibitors. Given limited real-world access to SGLT-2s, we still consider this analysis of metformin/
TZD/GLP-1 very valuable (though as we understand it, the GLP-1 class is also plagued by poor
reimbursement). Similarly, the criticism arose during Q&A that EDICT's conventional treatment arm used
ADA standards that are no longer relevant today (metformin, SUs, and insulin, whereas the ADA has
recommended newer, safer therapies in its 2018 Standards of Care). We'd argue back that so many patients
today are still only accessing metformin, sulfonylureas (with their associated weight gain and hypoglycemia
risk and beta cell burnout), and insulin (and not necessarily insulin analogs). As we see it, EDICT contributes
to the case for combination therapy in type 2 diabetes, and the insights won't stop here. Dr. Abdul-Ghani
shared that the EDICT group will next washout medications and observe response, and will conduct a baseline
analysis to probe for factors that predict a particular response to a particular treatment.

Comparing Treatment Strategies for Patients with Very Elevated HbA1c - A
Randomized Trial

Marconi Abreu, MD (UT Southwestern Medical Center, Dallas, TX)

Dr. Marconi Abreu presented a first-of-its-kind study that only included type 2 diabetes patients with very
elevated A1c (>10%). Results showed that treatment with basal insulin + a GLP-1 agonist was superior to
basal-bolus insulin in terms of A1c reduction, weight loss, hypoglycemia frequency, and quality of life. The
SIMPLE study (n=120) enrolled type 2s on background metformin with a mean baseline A1c of 12.1%.
Participants were randomized to basal insulin + GLP-1 (Novo Nordisk's Levemir + Victoza) or to a basal-bolus
regimen (Levemir + NovoLog) for six months, at which point 62% of the former group had reached A1c <8%
compared to only 41% of the latter group (p<0.05). The estimated treatment difference for A1c was 1% in
favor of the GLP-1-containing approach (p=0.03). Dr. Abreu highlighted significantly greater weight loss with
basal + GLP-1 as opposed to basal-bolus (estimated treatment difference ~8 lbs, p=0.001) and noted a lower
proportion of patients on GLP-1 experiencing any hypoglycemia (35% vs. 66%, p<0.05). He also shared
findings from the study's quality of life assessments, and unsurprisingly, basal insulin + GLP-1 was superior to
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basal-bolus therapy on general health perception, treatment satisfaction, and fear of hypoglycemia. We hear
often that weight gain and hypoglycemia are hugely detrimental to patient quality of life, and it follows that a
GLP-1 agonist like Victoza (liraglutide) would be associated with improved quality of life, given that it
stimulates meaningful weight loss and doesn't introduce excess hypo risk. Turning to adverse events, Dr.
Abreu pointed to increased rates nausea and vomiting that occurred with GLP-1 treatment vs. without, but
this was also expected; we note that most GLP-1 agonists are associated with mild to moderate GI discomfort
that subsides over time. It's encouraging to see clinical research like this being done with patient populations
that have been understudied in the past, and we certainly see key potential for GLP-1 agonists to help those
with very elevated A1c. Notably, AACE recommends starting patients on basal insulin right away if they have
A1c above 9% with symptoms, and suggests prescribing a GLP-1 agonist or an SGLT-2 inhibitor alongside.
According to ADA's 2018 Standards of Care, patients with an entry A1c >10% should immediately be put on a
combination injectable - a fixed-ratio basal insulin/GLP-1 agonist (like Novo Nordisk's Xultophy or Sanofi's
Soliqua). We'll be keeping an eye on treatment guidelines to see if the recommendations for people with very
high A1c evolve with additional clinical trial data, though it seems to us like the recommendations are already
pretty solid and the challenge is getting access to GLP-1s or fixed-ratio combinations for these patients most
in-need.

Oral Presentations: The Impact of Diabetes Interventions and Behaviors on
Outcomes

Evaluation of Treatment Persistence in Individuals with Type 2 Diabetes in a Real-
World Setting

Lisa Latts, MD (IBM Watson Health, Cambridge, MA)

Dr. Lisa Latts, Deputy Chief Health Officer of IBM Watson Health, shared dismaying real-world evidence
indicating that a majority of people with type 2 diabetes ultimately discontinue therapy. In collaboration with
ADA, IBM Watson Health researchers analyzed insurance claims data from >300,000 people with type 2
diabetes. After three months, 31% of patients had discontinued their diabetes medications altogether; by six
months, this increased to 44%, and by one year to 58%. Troublingly, of the patients who discontinued
medication, fewer than half (40%) eventually restarted. A figure strikingly illustrated this, with insight into
the specific therapy: Virtually all patients in the database started with metformin as their initial treatment.
The minority who didn't discontinue therapy remained on metformin monotherapy one year later, and a very
small fraction transitioned to another diabetes therapy - predominantly metformin/SU combos, metformin/
DPP-4 inhibitor combos, and standalone SUs or DPP-4s. We were disappointed but not surprised to see that
only a vanishingly small fraction of people in the database advanced to SGLT-2 inhibitor therapy, and GLP-1
agonists were not even listed (consistent with recent real-world prescription trends data from Diabetes Care
suggesting that only 4%-7% of people with diabetes have ever been prescribed one of these advanced agents).
To quote Dr. Latts, these trends are "alarming," and showcase front-and-center two of the foremost challenges
in type 2 diabetes care: Low adherence on the part of patients and clinical inertia on the part of HCPs. It goes
without saying that access challenges underlie both of these factors, and we're interested in any measure that
might improve affordability of diabetes drugs. Behavior change strategies and diabetes management
education could also go a long way to reinforce the importance of continuing diabetes therapy, and
intensifying as needed. Indeed, we were reminded of the common misconception that more prescriptions are
equated with being "more sick" in type 2 diabetes and other chronic diseases, and we see a vital role for
education to play in setting the record straight.

▪ Dr. Latts pointed out that these results likely overestimate treatment persistence
because claims data only reflects whether prescriptions were filled - not whether the
individual actually took the medication. This makes this entire IBM Watson analysis even
more devastating. That said, Dr. Latts noted that the analysis also doesn't capture any medications
that were obtained without insurance - for example, inexpensive human insulin or generic drugs at
Walmart.
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Oral Presentations: Prediction and Prevention of Cardiovascular Disease

A Cost Analysis of Intensified vs. Conventional Multifactorial Therapy of Patients
with Type 2 Diabetes - The Steno 2 Study

Joachim Gaede (University of Copenhagen, Denmark)

Mr. Joachim Gaede, a graduate student at the University of Copenhagen, defended the multifactorial
intervention used in Steno-2 as highly cost-effective. As background, the Steno-2 trial randomized 160 Danish
type 2 diabetes patients with microalbuminuria to either a conventional treatment that adhered to national
guidelines or to intensified multifactorial intervention that targeted hyperglycemia, hypertension, and
dyslipidemia simultaneously. Previous reports have shown that multifactorial intervention lowered
microvascular risk by ~50% in four years, reduced all-cause mortality by 45% in 21 years, and lowered risk for
heart failure hospitalization by a whopping 70% in 21 years. On top of these compelling clinical benefits, Mr.
Gaede offered a new economic argument for multifactorial approaches to diabetes. The overall cost of
intensified treatment was not meaningfully different from the cost of conventional care (€9,850,964 vs.
€9,304,795 between 1996-2014, p=0.6). The cost per patient-year was actually significantly reduced with
intensified treatment (€8,725 vs. €10,091, p=0.045). Mr. Gaede explained that the higher costs for
prescription drugs per year in the intensified group (€2,680 vs. €2,387, p=0.0006) led to dramatically
reduced costs for inpatient services due to CV complications (€1,331 vs. €2,213, p=0.002). These results
highlight the importance of aggressive and early approaches to diabetes treatment, as the costs of intensive
early treatments are more than clearly paid off by savings due to mitigating risks of more costly complications
down the line. We wonder whether this same trend applies in prediabetes, because accumulating evidence has
established a significant link between prediabetes and CV disease as well. Could treating dysglycemia even
earlier in disease development prove to be cost-effective?

Oral Presentations: Enhancing the Use of Diabetes Prevention and
Cardiovascular Risk Factor Control

New 2017 ACC/AHA Hypertension Guidelines - Cost-Effectiveness among US
Adults with Type 2 Diabetes

Hui Shao, PhD (CDC, Atlanta, GA)

Dr. Hui Shao presented the results of a computational modeling study designed to assess the long-term cost-
effectiveness of the more aggressive 2017 ACC/AHA hypertension medication eligibility criteria (≥130/80
mmHg) vs. the 2014 JNC-8 criteria (≥140/90 mmHg). Fitting for this meeting, the study looked specifically at
adults with type 2 diabetes from NHANES survey data (2011-2016) as well as the US Census (2015),
identifying 3.5 million diabetes patients who would be newly diagnosed with hypertension under the revised
ACC/AHA guidelines. Even under the most conservative assumptions, intensive blood pressure control was
cost-saving for this cohort (<$0/QALY) - in other words, catching hypertension at 130 mmHg systolic instead
of 140 mmHg and intervening more swiftly reduced CV morbidity, and the number of averted CV events more
than made up for extra medication costs. Dr. Shao pointed out that $/QALY estimates were higher for
patients older than 65 (~1 million of the 3.5 million) and for patients with pre-existing microvascular disease,
but he emphasized that the lower hypertension threshold was still cost-effective if not necessarily cost-saving
(<$50,000/QALY). Interestingly, this oral presentation immediately followed one by Dr. JoAnn Sperl-Hillen,
who argued that the 2017 ACC/AHA blood pressure guidelines may impose undue burden on primary care
providers who see patients with diabetes (see above). Moreover, Dr. George Bakris has defended - both at
AACE 2018 and at this meeting - the ADA's decision to maintain <140/90 mmHg as the blood pressure
recommendation in the 2018 Standards of Care. All this goes to show that the debate on blood pressure
guidelines in diabetes is far from settled; going forward, we hope that cost-effectiveness analyses like this one
play into the debate (because if a lower hypertension threshold is going to save health system dollars, we
should adopt it), but we appreciate the need for multiple models to corroborate these projected cost-savings.
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Certainly, computational studies are limited by their models (a point that came up repeatedly in a short time
during Q&A).

▪ Concern about the risk model used was expressed several times by audience members
in the Q&A following the presentation. Dr. Shao elected to use the UKPDS risk model in this
study, which one audience member called "outdated." Another audience member stated that this
model does not, for example, take into consideration the biological interactions between glucose
control and co-existing comorbidities - an important point to include in a population with both
diabetes and hypertension. While we are not computer science experts, we recognize that no model
is perfect, and it may be the case that these results may not accurately reflect the true cost-
effectiveness of these aggressive guidelines. That said, cost-effectiveness analysis is only going to
become more important in determining treatment algorithms and reimbursement as we push
toward value-based diabetes care, and we applaud Dr. Shao for taking on this important work (we
hope to see much more work like this in the very near future).

A Comparison of the Impact of the 2017 ACC/AHA Hypertension Guidelines on
Primary Care Populations With and Without Diabetes

JoAnn Sperl-Hillen, MD (HealthPartners Institute, Bloomington, MN)

The new ACC/AHA blood pressure guidelines were announced to great fanfare at AHA 2017 - making 130
mmHg systolic the new threshold for hypertension, vs. the previous 140 mmHg - but Dr. JoAnn Sperl-Hillen
presented an analysis to suggest that the more aggressive blood pressure goals could place undue on primary
care settings. This study looked at EMR data from 207,163 adults age 40-75 in two large care systems in
Minnesota and Wisconsin. Dr. Sperl-Hillen calculated the percentage of patients who will qualify as having
stage 1 hypertension under the new guidelines, and she noted what treatments would be recommended for
each patient. According to the data, the proportion of patients in these care systems with stage 1 hypertension
would rise by 33% (from 25% up to 58%), and this increase would be uniform among people with diabetes
(24% up to 57%) and those without (29% up to 62%). Adoption of the ACC/AHA guidelines would also
translate to noteworthy CV care considerations for all patients with stage 1 hypertension. Dr. Sperl-Hillen
explained that consideration of treatment intensification was much more common for diabetes patients
compared to those without diabetes (77% vs. 39%, p<0.001) because people with diabetes are often already on
some form of blood pressure control regimen. For those not already on blood pressure medication, ACC/AHA
highly recommends lifestyle change in the 130-140 mmHg range; in fact, proponents of the new guidelines
have argued that a lower threshold for hypertension won't greatly increase healthcare costs because there's a
strong emphasis on lifestyle intervention prior to medication. Dr. Sperl-Hillen countered that medication
costs could increase substantially for diabetes patients, because they're more likely to already be on
background anti-hypertensives. In this analysis, lifestyle modification was more frequently recommended (as
opposed to medication) in people without diabetes compared to those with diabetes (38% vs. 14%, p<0.001);
medication initiation was more frequently recommended in patients with diabetes vs. those without (9% vs.
7%, p<0.001). Dr. Sperl-Hillen reported that under the ACC/AHA guidelines, additional attention would be
needed for 62% of patients with diabetes and for 57% of patients without diabetes - she stressed that this
could introduce excess burden on primary care providers, particularly those who treat diabetes.

▪ This was a very interesting point of view, one that admittedly, we hadn't considered
before. When ACC/AHA announced their new blood pressure guidelines last year, we were excited
by the prospect of catching hypertension earlier and making more patients/providers aware of it. We
loved the focus on lifestyle change, but didn't necessarily realize that many in the diabetes patient
population would be accelerated more quickly to medication. It's already hard enough for people
with diabetes to afford all their prescriptions, and we wouldn't want to exacerbate that challenge,
although if there's an additional therapy that could help them we'd hope payers see the value in that
and offer reimbursement. The increased burden on PCPs and primary care clinics is also duly noted,
and we're glad that Dr. Sperl-Hillen brought this point to the table. In our view, this is another
reason we need more coordinated care across cardiology and diabetology, and we're also hopeful
that future decision-support technology could aid providers in making diagnoses and prescribing the
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right therapy. That said, decision-support systems are still a ways off, and we acknowledge that
ACC/AHA's latest recommendations may be challenging for some clinics to implement. We do
implore that payers heed these guidelines and expand access to anti-hypertensive meds for patients
who stand to benefit.

▪ Very notably, ADA did not adopt the new ACC/AHA recommendations for its 2018
Standards of Care. ADA continues to suggest a blood pressure goal ≤140/90 mmHg for
patients with diabetes. In general, this highlights the controversy surrounding the new ACC/
AHA guidelines, in that not all professional organizations agree. At AACE 2018, Dr. George Bakris
explained ADA's rationale in maintaining ≤140/90 mmHg as the target. He reviewed a series of
studies and post-hocs to show that for diabetes patients, specifically, there's little added benefit to
reaching systolic blood pressure ≤130 mmHg after you've already reached ≤140 mmHg (he did not
contest that there's additional benefit to lower blood pressure for people without diabetes). Dr.
Bakris also emphasized that personalization of blood pressure target is key. As he put it, the ADA's
2018 Standards of Care don't suggest that no patient with diabetes should aim for blood pressure
≤130 mmHg systolic; rather, this document maintains that ≤140 mmHg could work for the majority
of diabetes patients but that patient and provider should work together to define the right treatment
goals.

▪ On the other hand, we think it's important to keep in mind that diabetes patients
already face high residual risk for CV events. In that sense, more aggressive approaches to
CV biomarkers like blood pressure and LDL cholesterol could be strategic, provided this can be done
safely. Given how rampant clinical inertia is in diabetes care, we like the idea of nudging patients/
providers toward blood pressure control measures at a lower threshold. We expect much more
discussion of blood pressure guidelines (for people with and without diabetes) in the coming
months; we look forward to continued learning as our understanding of this subject continues to
evolve.

Oral Presentations: Dynamic Approaches to Improve Glycemic Control and
Primary Diabetes Care

Influence of Diabetes Complications on the Cost-Effectiveness of A1c and
Treatment Goals in Older US Adults

Hui Shao, PhD (Tulane University, New Orleans, LA)

There's no shortage of controversy over the optimal A1c target for elderly patients with type 2 diabetes, and
Dr. Hui Shao weighed in with a cost-effectiveness analysis, comparing a moderate goal of A1c ≤8.5% with a
more intensive goal of A1c ≤7.5% for patients older than 65 who have been recently diagnosed. He found that
intensive glucose control is cost-effective for older adults with diabetes, but only when they don't have
complications. The Incremental Cost-Effectiveness Ratio (ICER) of aggressive control was right around
$50,000/QALY in people without complications - as illustrated in the graph below, this just meets the cutoff
for cost-effectiveness. The ICER was higher in elderly patients with microvascular complications (like
retinopathy), and it jumped substantially with the onset of macrovascular complications like stroke, MI, and
heart failure. Dr. Shao qualified that these results were based on model assumptions, meaning they may not
reflect real-world scenarios to 100% accuracy. He defended the position that individualization of glycemic
targets is key, because no single recommendation will be right for every patient with type 2 diabetes.
Nevertheless, these findings are disheartening: Dr. Shao suggested that his results are in line with ACP
guidance that recommends against setting A1c targets for elderly type 2s. We maintain our view that this ACP
guidance statement could be incredibly damaging. There are certainly many "older" individuals living with
diabetes who could benefit from tighter glucose control, and who could achieve a lower target safely with the
help of advanced therapy and technology (e.g. GLP-1s, SGLT-2s, CGM). Dr. John Buse has shared his concern
that internists will interpret ACP guidance too broadly, using it "as a cover for not dealing with tough cases
among the elderly." We do see value in cost-effectiveness analysis, especially as rates of diabetes continue to

www.closeconcerns.com 163

https://www.closeconcerns.com/knowledgebase/r/c2b190c7#CV_Recommendation_Added_to_Treatment_Algorithm
https://www.closeconcerns.com/knowledgebase/r/c2b190c7#CV_Recommendation_Added_to_Treatment_Algorithm
https://www.closeconcerns.com/knowledgebase/r/4583813c#ADA_vs._AHAACC_in_Blood_Pressure_Guidelines_Controversy_Dr._Bakris_Explains_ADAs_Purposeful_Stance_at_Target_14090_mmHg_Urges_Personalization_of_Blood_Pressure_Goals
https://www.closeconcerns.com/knowledgebase/r/237e1dd0
https://www.closeconcerns.com/knowledgebase/r/237e1dd0
https://www.closeconcerns.com/knowledgebase/r/237e1dd0#On_Relaxing_Targets_for_Older_Patients


climb, because while individualization of therapy is the ultimate goal, we also need to adopt strategies that
address diabetes at the population level. We'd love to see many more cost-effectiveness analyses using
different models and different assumptions, meaning we're not going to read too much into this particular
one.

Novel Therapies

Oral Presentations: Preventing and Treating Hypoglycemia

A Phase 3 Comparison of a Novel Liquid Glucagon Autoinjector to Glucagon
Emergency Kit for the Symptomatic Relief of Severe Hypoglycemia

Mark Christiansen, MD (Diablo Clinical Research, Walnut Creek, CA)

Dr. Mark Christiansen presented full phase 3 results for Xeris' liquid-stable glucagon autoinjector (intended
brand name MyGluca). The autoinjector showed equivalent safety/efficacy to Lilly's glucagon reconstitution
kit in treating severe hypoglycemia (n=80 adults with type 1). Both the Xeris and Lilly glucagons produced
100% recovery from insulin-induced hypoglycemia <50 mg/dl, without the need for other rescue therapy
("recovery" was defined as blood sugar >70 mg/dl or resolution of all neuroglycopenic symptoms within 30
minutes). Xeris' autoinjector was 97% successful in getting patients to >70 mg/dl or giving a ≥20 mg/dl blood
sugar increase within 30 minutes of glucagon administration, while Lilly's glucagon kit was 100% successful
on this endpoint. As we understand it, this difference was not statistically significant. Moreover, both
glucagons were 100% successful in sustaining glucose elevation from 0-90 minutes post-administration.
Participants completed questionnaires on symptoms during the induced hypoglycemia phase and through
resolution of hypoglycemia, and patient reports were similar for both glucagons on neuroglycopenic effects
(dizziness, blurred vision, difficulty thinking, and faintness) as well as autonomic symptoms (sweating,
tremor, palpitations, and feelings of nervousness). Mean time to resolution of autonomic symptoms was 15
minutes with Xeris' autoinjector vs. 14 minutes with Lilly's glucagon reconstitution kit (p>0.05); mean time to
resolution of neuroglycopenic symptoms was 16 minutes vs. 14 minutes (p>0.05). Dr. Christiansen called
attention to the fact that both these p-values were non-significant, even though time to symptom resolution
was numerically longer with Xeris' autoinjector.

▪ Dr. Christiansen also highlighted a 99% success rate in administering the full
glucagon dose with Xeris' autoinjector, as measured in a separate human factors
study. This is where the real benefit to next-gen glucagon lies, in our view. It's not that current
options aren't effective in quickly raising blood sugar, but they're hard to use with a lengthy
reconstitution process required, introducing uncertainty and adding even more stress on caregivers
during an already stressful episode. Next-gen glucagons in late-stage development from Xeris, Lilly
(nasal glucagon), and Zealand (liquid-stable dasiglucagon) could address this unmet need in
diabetes care. Thus, while these results weren't particularly surprising, they represent an important
step toward successful regulatory submission of a better glucagon product; it's important that Xeris'
liquid-stable glucagon demonstrated encouraging equivalency to standard of care glucagon. Xeris is
targeting 3Q18 for a MyGluca NDA. Very notably, the company also recently announced an Initial
Public Offering (IPO) of five million shares of common stock on the NASDAQ exchange. See our
exhibit hall coverage for more on Xeris.

▪ Dr. Christiansen clarified that Xeris' autoinjector will be available in a 0.5 mg dose for
pediatrics and a 1.0 mg dose for adolescents/adults. We're curious how patients will
respond to this regimented dose delivery. While we suspect many will feel safer with such a simple
device and intuitive two-step administration process, we do wonder if some patients will be put off
by the lack of flexibility in dosing. We have heard anecdotally that the full glucagon dose is typically
not required to recover from hypoglycemia (though using less than a full dose is certainly not
recommended or indicated on the label, except for children).
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BioChaperone Glucagon, a Stable Ready-to-Use Liquid Glucagon Formulation, Is
Well Tolerated and Quickly Restores Euglycemia after Insulin-Induced
Hypoglycemia

Gregory Meiffren, PhD (Adocia, Lyon, France)

Adocia's Director of Biology and PK/PD Dr. Gregory Meiffren reviewed phase 1 results on the company's
liquid-stable BioChaperone Glucagon, showing rapid recovery from hypoglycemia comparable to standard of
care reconstituted glucagon (Novo Nordisk's GlucaGen). People with type 1 diabetes (n=27) received single
subcutaneous doses (1 mg) of two separate formulations of BioChaperone Glucagon (BCG1 and BCG2) and
GlucaGen under insulin-induced hypoglycemia (<60 mg/dl). Both BCG1 and BCG2 quickly raised blood
glucose to >70 mg/dl (in 12 and 10 minutes on average, respectively), though this was significantly slower
than the time to normoglycemia with GlucaGen (7 minutes, p<0.001). Normoglycemia was restored within 30
minutes with BioChaperone Glucagon for all but one participant, and the mean plasma glucose increase at the
15-minute mark for BCG1 and BCG2 was 29 mg/dl and 26 mg/dl, respectively, vs. 47 mg/dl with GlucaGen
(p<0.001). Although both formulations of BioChaperone Glucagon were outperformed by GlucaGen, Dr.
Meiffren argued that the agents are still quite "suitable" for rescue therapy. We'd imagine that real-world
outcomes with this more patient-friendly and easy-to-use product would be comparable if not better than
GlucaGen, though this remains to be seen, since BioChaperone Glucagon remains very early-stage. Adocia
announced topline results from this study in the company's 1Q18 update, also alluding to potential indications
for BioChaperone Glucagon in post-bariatric surgery hypoglycemia and congenital hyperinsulinism (CHI), a
rare genetic condition characterized by excessive insulin secretion.

▪ Adocia is joined on the next-gen glucagon competitive landscape by several phase 3
candidates: Lilly's nasal glucagon (on track for a 2018 FDA submission), Xeris' liquid-stable
glucagon rescue pen (FDA submission expected 3Q18), and Zealand's dasiglucagon (FDA
submission expected 2019; also in development for CHI). We're pleased to see such a robust
competitive landscape for hypoglycemia rescue, and we see more than enough room for multiple
next-gen products to be successful in this longstanding area of unmet need.

Oral Presentations: Hypoglycemia - Reducing the Risk

Low Doses of Dasiglucagon Consistently Increase Plasma Glucose Levels in
Hypoglycemia and Euglycemia in People with Type 1 Diabetes

Ulrike Hövelmann, MD (Profil Institute, Neuss, Germany)

Dr. Ulrike Hövelmann presented full results from a phase 2 PK/PD study of Zealand's liquid-stable
dasiglucagon, fitting for a session of orals dedicated to addressing hypoglycemia (through either prevention or
treatment). Data showed that the candidate rapidly and effectively increased plasma glucose, on par with
standard of care reconstituted glucagon (Novo Nordisk's GlucaGen). The trial (n=17) involved a randomized
crossover design: participants received singe subcutaneous doses of dasiglucagon (0.03 mg, 0.08 mg, 0.2 mg,
and 0.6 mg) and native glucagon (0.03 mg, 0.08 mg, and 0.2 mg) at both euglycemic and hypoglycemic
conditions. Under euglycemia, the various dasiglucagon doses increased plasma glucose by a mean of 39 mg/
dl, 56 mg/dl, 72 mg/dl, and 80 mg/dl after 30 minutes vs. 30 mg/dl, 49 mg/dl, and 71 mg/dl for GlucaGen.
Similarly, under hypoglycemia, dasiglucagon increased plasma glucose by a mean of 24 mg/dl, 64 mg/dl, 87
mg/dl, and 94 mg/dl after 30 minutes. Blood glucose reached normoglycemia (>70 mg/dl) with a median
time of 14, 10, 6, and 6 minutes for the respective dasiglucagon doses. Topline results from this study were
announced in May 2017, and we're happy to have the full picture. We're also awaiting full results from two
phase 3 trials of dasiglucagon: An immunogenicity study (positive topline data released in March 2018) and a
pivotal study comparing evaluating dasiglucagon's safety/efficacy vs. placebo or GlucaGen when administered
as a single-dose hypoglycemia rescue treatment (study completion announced May 2018).
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Oral Presentations: Emerging Targets for Diabetes Treatment

Glucagon Receptor Antagonist LGD-6972 Significantly Lowers HbA1c and Is Well
Tolerated after 12-Week Treatment in Patients with Type 2 Diabetes on Metformin

Jeremy Pettus, MD (UCSD, San Diego, CA)

UCSD's Dr. Jeremy Pettus presented phase 2 results on Ligand's oral glucagon receptor antagonist LGD-6972.
As seen in topline results, the candidate showed dose-dependent A1c reductions in people with type 2 diabetes
(n=166) over 12 weeks. From a baseline ~8.2%, A1c dropped by a mean 0.15% in the placebo arm (n=41), by
0.9% in the 5 mg LGD-6972 arm (n=43), by 0.9% in the 10 mg arm (n=40), and by 1.2% in the 15 mg arm
(n=42), with all p<0.0001 vs. placebo. These are impressive glycemic improvements over a relatively short
duration, although as one audience member brought up during Q&A, we'll need a longer trial to determine if
there's any attenuation of A1c-lowering efficacy over time. LGD-6972 showed dose-dependent effects on
fasting plasma glucose as well; Dr. Pettus reported a decline of 8 mg/dl in the placebo group, -30 mg/dl with 5
mg, -32 mg/dl with 10 mg, and -39 mg/dl with 15 mg (all p<0.0001 vs. placebo). We note that baseline fasting
plasma glucose was lower in the placebo arm (162 mg/dl) compared to the LGD-6972 arms (172-178 mg/dl).
Glucagon levels, total GLP-1, and active GLP-1 were all elevated with the glucagon receptor antagonist. There
was a ~30% reduction in area under the curve in a four-hour oral glucose tolerance test with the highest dose
vs. placebo, implying postprandial efficacy (i.e. smaller post-meal glucose excursions). Dr. Pettus also
highlighted the increased insulin response with 15 mg LGD-6972 vs. placebo (~20% reduction in area under
the curve, starting around 1-1.5 hours post-meal). These are promising results for the new type 2 diabetes
drug candidate, which Ligand recently licensed to Roivant - LGD-6972 is now RVT-1502. Ligand management
has previously stated that the molecule is phase 3-ready, and we look forward to a larger phase 3 program (to-
date, no timing has been shared), especially because of the agent's very strong safety profile in phase 2…

▪ There were zero drug-related serious adverse events in this phase 2 study, and zero
participants discontinued treatment due to adverse events. Dr. Pettus paused on this
slide, acknowledging that glucagon receptor antagonists have sparked safety/
tolerability concerns in the past. Pfizer and Lilly dropped their glucagon receptor antagonist
programs due to safety issues (Pfizer more recently discontinued a glucagon receptor blocker as
well), and during Q&A, Dr. Pettus mentioned that imaging studies found elevated liver fat with
Lilly's candidate. Ligand didn't include imaging in its phase 2 trial for LGD-6972, but Dr. Pettus
emphasized that most participants stayed within 3x the upper limit of normal for AST and ALT
(both indicators of liver damage/injury). He mentioned that there was only one instance of ALT >3x
the upper limit of normal (in the 10 mg cohort) and only one case of AST >3x the upper limit of
normal (in the 15 mg cohort) - these were one-time assessments, with ALT or AST recovering
afterward. Importantly, Dr. Pettus explained, the candidate wasn't associated with any dose-
dependent adverse effects on the liver. Does this mean Ligand/Roivant will advance the highest dose
of this glucagon receptor antagonist into phase 3, to maximize glycemic efficacy without worsening
safety/tolerability? We'll be watching closely as this clinical program progresses. Dr. Pettus further
emphasized that there was no weight gain associated with LGD-6972, nor was there a significant
increase in lipids (LDL, HDL, total cholesterol, triglycerides) or systolic/diastolic blood pressure. He
also described a low rate of hypoglycemia (6%, only two symptomatic episodes).

▪ Despite this compelling phase 2 safety/tolerability, we note that a larger, longer phase
3 study is needed to really establish a strong safety/tolerability profile. Many of the
concerns surrounding glucagon receptor antagonists as a class would only appear with longer-term
follow-up; these include alpha cell hyperplasia, increased pancreatic weight, elevation in a
proglucagon-related peptides, and decreases in lipid oxidation (which could lead to insulin
resistance), as outlined by Dr. Ralph DeFronzo at AACE 2015. We'd love to see liver imaging in
whatever studies Roivant has planned next for this molecule.

▪ Dr. Pettus spoke to this drug's potential in type 1 diabetes during Q&A: "My hope is
that this whole class moves into the type 1 sphere, because that would be a real win in
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terms of type 1 diabetes adjunctive therapy." He alluded to type 1 data on another glucagon
receptor antagonist, REMD-477, which he presented at last year's ADA. When Ligand/Roivant
announced their licensing deal, they specified that type 1 diabetes remains a focus area for
RVT-1502, and we'll keep an eye out for any new studies launched in type 1s.

MEDI0382, a GLP/Glucagon Receptor Dual Agonist, Significantly Reduces
Hepatic Fat Content in Subjects with Type 2 Diabetes Mellitus

Meena Jain, MD (MedImmune, Cambridge, UK)

Dr. Meena Jain of MedImmune, AZ's global biologics unit, presented a sub-analysis of a phase 2a study for
GLP/glucagon dual agonist MEDI0382. She highlighted significant reductions in hepatic fat with the GLP-1/
glucagon candidate vs. placebo, as well as meaningful decreases in subcutaneous adipose tissue (SAT),
visceral adipose tissue (VAT), and pancreatic fat. In the 41-day trial (n=51), patients with type 2 diabetes were
randomized to MEDI0382 200 mg (n=25) or placebo (n=26) with the primary endpoints being change from
baseline body weight and glucose area under the curve (AUC) in the four hours post-mixed meal tolerance
test. Participants were 18-65 years-old, on metformin, and had BMI between 27-40 kg/m (indicating2

overweight/obesity). A subset of these patients (n=38, including 17 on the study drug and 21 on placebo)
received MRI scans at the beginning and end of the study which were used to quantify hepatic fat, SAT, VAT,
and pancreatic fat. Within this cohort, MEDI0382 gave a 6% reduction in hepatic fat vs. 3% with placebo
(p=0.017). The MEDI0382 group did have a lower percentage of hepatic fat at baseline (16%) compared to the
placebo group (18%), though it's unclear how this may have affected results; if anything, we imagine a lower
starting point would make it more challenging for the GLP-1/glucagon dual agonist to show significant
hepatic fat reduction vs. placebo. SAT dropped by a significantly greater margin with the study drug vs.
placebo (-0.4 L vs. -0.2 L, p=0.008), as did pancreatic fat (-1.8% vs. -0.06%, p<0.05). MEDI0382 also offered
greater decline in VAT, though this just missed the threshold for statistical significance vs. placebo (-0.4 L vs.
-0.1 L, p=0.057). Based on these results, Dr. Jain emphasized the potential for this dual peptide therapy to be
used in the treatment of NAFLD/NASH. To be sure, this is an area of high unmet need, and NAFLD/NASH
are frequently comorbid with type 2 diabetes and/or obesity. FDA hasn't approved any therapies to-date for
NASH, though the competitive landscape is robust. We're pleased to note AZ's commitment to this diabetes-
adjacent indication.

Effects of MEDI0382 on Pancreatic and Incretin Hormones

Victoria Parker, PhD (MedImmune, Gaithersburg, MD)

Dr. Victoria Parker delivered the second of two back-to-back oral presentations on AZ's GLP-1/glucagon dual
agonist candidate MEDI0382 (see above for data on hepatic fat-lowering). Dr. Parker showed that this
treatment offers marked improvements in fasting and postprandial glucose after six weeks. This phase 2 trial
(n=51) randomized type 2s (A1c 6.5%-8.5%, background metformin monotherapy) to once-daily
subcutaneous injections of MEDI0382 (200 mg) or to placebo for 41 days. Glucose area under the curve
(AUC) fell 33% with the GLP-1/glucagon dual agonist vs. only 10% with placebo (p<0.0001). Dr. Parker
pointed out that glucose curves for MEDI0382 patients showed a persistent "shift to the right," meaning that
blood glucose peaked at consistently later timepoints vs. placebo. Her team stipulates that this may indicate a
delay in glucose delivery to the gut, a signature of a gastric emptying delay. Dr. Parker continued her
presentation by highlighting the agent's insulinotropic effect: Fasting insulin levels rose in the treatment
group vs. the placebo group (+2.2 mU/l vs. -3.9 mU/L). Additionally, MEDI0382 appeared to suppress
endogenous glucagon (30% vs. 2% AUC reduction), endogenous GLP-1 (30% vs. 0.3% AUC reduction), and
endogenous GIP (34% vs. 9% AUC reduction) compared to placebo. Dr. Parker speculated that this decrease
in endogenous GIP may be a "unique footprint" of dual GLP-1/glucagon agonists like MEDI0382, but more
data is needed to elucidate this. See our GLP-1/glucagon competitive landscape for more context on this
exciting emerging therapy class, which has implications for type 2 diabetes as well as obesity and NASH.
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Fourteen-Day Study of Praliciguat, a Soluble Guanylate Cyclase Stimulator, in
Patients with Diabetes and Hypertension

John Hanrahan, MD (Ironwood, Cambridge, MA)

Dr. John Hanrahan shared an update on Ironwood's praliciguat, a guanylate cyclase stimulator (sGC) in phase
2 for diabetic nephropathy. By stimulating guanylate cyclase, praliciguat upregulates nitric oxide signaling,
which is typically low in people with diabetes and is associated with reduced vasoconstriction, more
inflammation, and more fibrosis - it's no coincidence that these are all causes of diabetic nephropathy. To our
knowledge, Ironwood's candidate is the only sGC in development for diabetic nephropathy; click here for our
competitive landscape. Dr. Hanrahan focused on a small (n=26), short (14 days) trial designed to evaluate the
safety/tolerability of praliciguat in patients with diabetes and hypertension (though he also spent a fair
amount of time reviewing proof-of-concept data for the molecule's CV, metabolic, and endothelial effects).
Participants were randomized to placebo (n=6), 40 mg once-daily praliciguat (n=10), or 20 mg twice-daily
praliciguat for one week followed by once-daily 40 mg praliciguat during the second week (n=10). According
to topline results released in December 2017, only one adverse event (nausea) was more common in the
praliciguat arms (25%) compared to the placebo arm (0%), although low sample size might make these results
look more significant than they are. Overall, the drug was well-tolerated, though one serious adverse event
(gastrointestinal hemorrhage) occurred in a patient with erosive esophagitis taking praliciguat. Newly
presented during this talk were efficacy results demonstrating reduction in HOMA-IR (LS mean difference of
-23%, 95% CI: -56%, -9%) and ApoB (LS Mean Difference of -119 mg/ml, 95% CI: -295 mg/ml, -57 mg/ml).
These results add to topline efficacy results which included a significant decrease in fasting plasma glucose for
those not on background insulin therapy (LS mean decrease -19 mg/dl, 95% CI: -37 mg/dl, -2 mg/dl) as well
as statistically significant improvements in blood pressure, total and LDL cholesterol, and triglycerides. Given
the short study duration and small sample size, we're limited in what we can discern from these results and
how optimistic we might feel, but without a doubt we're intrigued to see what this class has in store. Diabetic
nephropathy is an area of serious unmet need, and it's so important that pharma continues to invest in better
treatments for diabetes complications. The competitive landscape for DKD is currently dominated by SGLT-2
inhibitors and MR agonists, but it's exciting to have a therapy with a novel, upstream mechanism joining the
fray. It's interesting that Ironwood is also developing praliciguat toward a HFpEF indication (heart failure
with preserved ejection fraction), which is also rising to the forefront as an area of unmet need within the
realm of diabetes/obesity.

Novel Combination of a Long-Acting GLP-1/GIP/Glucagon Triple Agonist
(HM15211) and Once-Weekly Basal Insulin (HM12460A) Offers Improved Glucose
Lowering and Weight Loss in a Diabetic Animal Model

Jung Kuk Kim, PhD (Hanmi Pharmaceutical, Seoul, South Korea)

Dr. Jung Kuk Kim presented data from mouse models showing significant weight loss with Hanmi's long-
acting GLP-1/GIP/glucagon triple agonist, HM15211. Dr. Kim explained that this agent works by increasing
energy expenditure, and he suggested that down the line, this triple agonist could be used in tandem with
basal insulin as an effective approach to type 2 diabetes. HM15211 is conjugated with a human IgG Fc
fragment via a flexible linker, which allows an extended half-life in mice of >50 hours. In rodents, the triple
agonist promotes browning of white adipose tissue due to increased energy expenditure, leading to weight
loss. When coupled with basal insulin, Dr. Kim showed that Hanmi's triple agonist can help achieve enhanced
glucose control along with efficient weight loss. After two weeks of treatment in db/db mice, combination
therapy with the triple agonist + basal insulin reduced A1c to 5.7% vs. 6.6% with basal insulin monotherapy
and 7.1% with placebo. The body weight data followed a similar pattern: ~20% weight loss with the
combination regimen, no change with placebo, and a ~10% increase in body weight with basal insulin alone.
The glucose and weight results were sustained after eight weeks as well. We are encouraged by these results,
as the addition of a triple agonist to basal insulin treatment would provide highly desired weight loss effects
for patients. It will be interesting to see whether these results translate to humans, and we hope to see Hanmi
initiate clinical-stage studies very soon.
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BZ043, a Novel Amylin Analog, in a Fixed Combination with Insulin Glargine -
Nonclinical Results

Caio Nascimento (Biozeus Biopharmaceutical, Rio de Janeiro, Brazil)

Mr. Caio Nascimento reviewed several nonclinical studies of BZ043, a PEGylated human amylin derivative
that Biozeus is developing for diabetes and obesity. According to the company website, the candidate remains
in preclinical stages. Mr. Nascimento highlighted the compound's resistance to amyloid aggregation and its
anti-hyperglycemic effects both alone and in fixed combination with insulin glargine (Sanofi's Lantus).
Biozeus scientists determined through preliminary laboratory studies that BZ043 is able to resist aggregation,
as amylin aggregates inhibit both insulin and glucagon activity in the human body. No significant aggregation
of BZ043 (50 mM) was observed over 24 hours at various pH levels (3.0-10.0) using Thioflavin T binding, nor
was any aggregation of BZ043/glargine co-formulations (glargine + BZ043 0.2 mg/ml and glargine + BZ043
1.0 mg/ml) observed over six months using dynamic light scattering. To investigate the glucose-lowering
properties of BZ043, STZ rats were randomized and given a placebo, only insulin glargine, only BZ043, or a
fixed combination one hour before eating (5% glucose rich food) and drinking at their own will for eight
hours. Insulin glargine monotherapy caused an early, significant decrease in glucose levels which lasted for
five hours; BZ043 monotherapy resulted in a prolonged, dose-dependent decrease in blood glucose which
lasted for all eight hours at all doses evaluated. BZ043/insulin glargine fixed combinations exhibited additive
anti-hyperglycemic effects which lasted eight hours. The area under each of these curves was taken as a
measure of overall glycemic control during the eight-hour feeding period, and all three fixed combinations
(various doses) demonstrated superior glucose-lowering compared to placebo and compared to each
monotherapy. While this data is exciting, it's important to keep in mind that BZ043 is still very early-stage;
should further studies on physicochemical stability come back positive, it could advance into clinical-stage
studies. The only currently available amylin analog for people with type 1 diabetes is AZ's Symlin
(pramlintide), which isn't very popular among real-world patients, based on the company's reported sales.
That said, amylin has returned to favor and it appears in many a company's early-stage pharmaceutical
pipeline, though many of these candidates are focused on type 2 diabetes or obesity.

Oral Presentations: Targeting Beta Cell Apoptosis and Death

Novel Small Molecule TXNIP Inhibitor Protects against Diabetes

Lance Thielen (University of Alabama, Birmingham, AL)

Mr. Lance Thielen discussed preclinical data showing that a small molecule inhibitor of TXNIP can prevent
and reverse diabetes. TXNIP is a ubiquitously expressed molecule that inhibits thioredoxin (a protein
involved in redox reactions) and is the top glucose-induced gene in human islets. Previous research has found
that TXNIP is elevated in diabetes, that it induces beta cell apoptosis and blocks insulin production, and that
its downregulation or deletion is protective against diabetes. Mr. Thielen reviewed that the calcium channel
blocker verapamil inhibits TXNIP and can prevent and reverse diabetes in the STZ mouse model. He also
shared intriguing retrospective epidemiological data suggesting a possible association between verapamil
(which is commonly used to treat hypertension and various heart conditions) and decreased diabetes
incidence. Based on these observations, Mr. Thielen and his group conducted a high-throughput screen to
identify novel compounds that could inhibit TXNIP in a more targeted fashion. He presented data for one of
these compounds (TI-37330) demonstrating that it decreases TXNIP mRNA and protein expression in islet
cells in vitro, that it's well-tolerated in healthy mice, and that it protects against and reverses diabetes in STZ
and db/db models. The lab is now doing additional studies to elucidate the compound's mechanism of action
and is working toward an IND application.

Questions and Answers

Q: Is calcium involved in this mechanism? Are there similarities between verapamil and these
molecules?
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A: Verapamil does work through calcium channels. Our small molecule seems to have no effect on calcium
channels, but we're still evaluating that.

Q: What is the mechanism of action of this compound?

A: We've narrowed down what the cis acting element is but are still finalizing results on the trans acting
factor.

Q: To clarify the semantics, you're calling this a TXNIP inhibitor but it doesn't actually inhibit
TXNIP, right? It's inhibiting expression of mRNA and protein?

A: Correct.

Q: How do you determine its specificity in terms of influencing gene expression more broadly?

A: We don't see many off-target effects now, but we're evaluating the gene expression effects. All the genes
that are altered seem to be in the downstream TXNIP pathway, but we haven't narrowed down the exact trans
acting factor.

Q: Do you know how quickly the effects go away when the molecule is removed?

A: We haven't tested the effects of removing it yet but are considering doing that.

Q: Thiodoxin is a ROS detoxifying enzyme. When you prevent inhibition of thiodoxin, will you
increase its activity? Is the response similar to antioxidant effects?

A: Yes, there is an antioxidant role, but we believe most of this is through inhibition of TXNIP and
downstream of that rather than through interaction with thioredoxin.

Imeglimin Protects INS-1 Cells and Human Islets against High Glucose- and High
Fructose-Induced Cell Death by Inhibiting the Mitochondrial PTP Opening

Sandrine Lablanche, MD (Grenoble Alpes University Hospital, La Tronche, France)

Dr. Sandrine Lablanche shared data suggesting that Imeglimin protects beta cell mass by inhibiting the
mitochondrial permeability transition pore pathway (PTP). The PTP is intricately related to beta cell death via
cytokine-induced apoptosis; high glucose, high fructose conditions reduce viability of pancreatic islet cells by
opening the PTP, Dr. Lablanche explained. She pointed to prior studies to support that Imeglimin improves
beta cell function, preserves beta cell mass, and prevents oxidative stress. Mechanistically, she proposed that
this all works through an NAD-dependent mechanism of action at the PTP pore. In the present experiment,
Dr. Lablanche and colleagues saw a significant decline in human beta cell viability under high glucose and
high fructose situations, but this decline disappeared - or rather, beta cells remained viable - when Imeglimin
was given. Dr. Lablanche continued by reviewing an imaging study, which also showed PTP opening in a high
sugar environment. We're excited about Imeglimin as a candidate therapeutic for type 2 diabetes - it was
recently licensed from Poxel by Roivant Sciences, and a phase 3 study is underway in Japan (with a planned
Japanese filing in 2020). The unique mechanism of action could help patients achieve greater glucose-
lowering, and we've heard from management that Roivant is particularly optimistic about applications of
Imeglimin for people with diabetes and CKD.

Oral Presentations: Prediction and Prevention of Cardiovascular Risk

Serum Fibroblast Growth Factor-21 Is Related to Atherosclerosis Independent of
Nonalcoholic Fatty Liver Disease and Predicts Incident Atherosclerotic
Cardiovascular Diseases

Liang Wu, MD (Shanghai Jiao Tong University, Shanghai, China)

Dr. Liang Wu discussed evidence that circulating FGF-21 levels are associated with atherosclerosis and can
predict the development of CV complications such as ischemic heart disease or cerebral infarction. In a cohort
of 371 people with type 2 diabetes, serum FGF-21 was significantly higher in those with atherosclerosis (269
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pg/ml vs.188 pg/ml, p=0.005). Looking prospectively, among 705 participants from the Shanghai Diabetes
Study, baseline FGF-21 was significantly higher in those who went on to develop ischemic heart disease (480
pg/ml, p=0.004) or cerebral infarction (402 pg/ml, p=0.021) vs. those who did not (325 pg/ml).
Multivariable regression confirmed that FGF-21 is independently predictive of atherosclerotic CV events. Dr.
Wu pointed out that these findings suggest a role for baseline FGF-21 as a predictive biomarker for
atherosclerotic CV disease, particularly in a Chinese population. We are curious whether this generalizes.

▪ Notably, FGF-21 is a prominent drug target for diabetes and obesity, with evidence to
suggest that the candidate targets brown adipose tissue by two separate pathways - a direct route
and an indirect route via the brain - thereby providing "both the fire and the fuel" to increase energy
expenditure and promote weight loss. Interestingly, all of the candidates in development are analogs
that enhance the activity of FGF-21, so we're left wondering why high circulating levels of FGF-21
are detrimental to CV health when pharmacological administration appears to be beneficial for
metabolic health.

Oral Presentations: New Insights into Lipid and Lipoprotein Alterations in
Patients with Diabetes

Inclisiran Lowers LDL-C and PCSK9 Irrespective of Diabetes Status without
Worsening Glycemia

Lawrence Leiter, MD (University of Toronto, Canada)

The great Dr. Lawrence Leiter presented a post-hoc analysis of ORION-1, highlighting a possible future role
for inclisiran to play in diabetes care. Inclisiran inhibits PCSK9 synthesis by degrading its corresponding
mRNA (in other words, it achieves the same end goal as currently available PCSK9 inhibitors alirocumab and
evolocumab, but through a distinct mechanism). ORION-1 was a phase 2 trial of the agent in patients with
(n=67) and without diabetes (n=415); adults already on maximally-tolerated statin therapy were randomized
to one dose of inclisiran (at 200 mg, 300 mg, or 500 mg), two doses of inclisiran (at 100 mg, 200 mg, or 300
mg), or placebo. After six months, there was no significant difference in PCSK9 levels or LDL-lowering with
inclisiran between those with diabetes and those without diabetes at each dosing level and frequency.
Moreover, Dr. Leiter claimed that inclisiran had no effect on glycemia, an important safety finding since some
concerns of statin-induced diabetes still linger. Full ORION-1 results were presented by Dr. Kausik Ray at
ACC 2017, and were published in NEJM. Across the entire study population, inclisiran reduced LDL by a
mean 53% from a baseline ~125 mg/dl, and lipid-lowering is an important improvement toward better CV
outcomes (i.e. fewer heart attacks and strokes). It's very exciting that inclisiran would only need to be injected
twice per year due to its upstream mechanism - a significant improvement over the 12-26 injections required
for current PCSK9 inhibitors. Needless to say, we eagerly await the results of phase 3 trials, which are
expected to complete in late 2019. To be sure, people with diabetes have a lot to gain from more effective
lipid-lowering drugs, as hyperglycemia and hyperlipidemia both independently elevate CV risk. According to
Dr. Ray's ACC presentation, ORION-4 will be a CVOT for inclisiran, assessing the impact on three-point
MACE (non-fatal MI, non-fatal stroke, and CV death).
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Oral Presentations: G is for GLP, GIP, and Glucagon - a NOD to the Gut-
Liver Axis

Postprandial Effects of Individual and Combined GIP and GLP-1 Receptor
Antagonization in Healthy Subjects

Laerke Gasbjerg, MD (University of Copenhagen, Denmark)

Dr. Laerke Gasbjerg compared a GLP-1 antagonist (exendin 9-39) vs. a GIP antagonist (GIP(3-30)NH ), and2
found that GIP and GLP-1 lower plasma glucose additively, with GIP having a more pronounced effect than
GLP-1. The study was randomized, double-blinded, and conducted in a sample of 12 healthy men age 19-65
with mean A1c of 4.9% and mean BMI 24 kg/m . Dr. Gasbjerg divided participants into four treatment arms:2

placebo, exendin 9-39 alone, GIP(3-30)NH alone, or a combination of the GLP-1 antagonist + the GIP2
antagonist. Each participant ate a liquid mixed meal of 1,894 calories while investigators assessed insulin
secretion and plasma glucose. Dr. Gasbjerg reported significant increases in blood glucose during meals with
each additional antagonist: The joint exendin 9-39 + GIP(3-30)NH arm showed the highest plasma glucose,2
followed by the GIP(3-30) NH group and then the exendin 9-39 group. These trends held true during an oral2
glucose tolerance test as well. GIP(3-30)NH decreased C-peptide levels and inhibited GIP-induced insulin2
secretion, indicating a potential mechanism of action (via decreased C-peptide levels) for how the antagonist
impedes insulin secretion. The treatment groups all had high steady state concentrations of the respective
antagonists in vivo. We're intrigued by these early results - they suggest the potential efficacy of GIP-targeting
drugs, and, even more importantly, show that these drugs may work additively with GLP-1 agonists. There is a
small competitive landscape of GLP-1/GIP dual agonists in development, including Lilly's LY3298176 for type
2 diabetes that recently completed a phase 2 study.
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Questions and Answers

Q: I was wondering if you measured the beta cell sensitivity to insulin and whether you found
any relationship between that and GIP and GLP-1 levels?

A: Unfortunately, we did not measure beta cell sensitivity in this study.

Oral Presentations: Alphabet Soup - GABA, FGF, ERa - Recipe for Central
Nervous System Control of Metabolic Homeostasis and Diabetes Remission

State-of-the-Art Lecture: Metabolic Impact of the Central Nervous System in
Rodents and Humans

Tony Lam, PhD (University of Toronto, Canada)

In this state-of-the-art lecture, Dr. Tony Lam explained how the central nervous system (CNS) mediates
glucose homeostasis in the body by regulating insulin and leptin. He highlighted interesting observations
from his research into CNS control of metabolism, some of which may lead to advanced therapy options down
the line (especially for obesity). Two complexes within the human brain, the medial basal hypothalamus
(MBH) and the dorsal vagal complex (DVC), contain insulin and leptin receptors, and these areas regulate
hepatic glucose production. Previous research has shown that high fat feeding in rodents may lead to brain
insulin resistance - Dr. Lam hypothesized that inhibition of mitochondrial fission in the brain can restore CNS
insulin sensitivity. To evaluate his hypothesis, he inhibited Drp1 in mice; this protein induces mitochondrial
fission. Infusion of a Drp1 inhibitor with insulin into high fat fed mice simultaneously disrupted
mitochondrial fission in the DVC and lowered hepatic glucose production, suggesting restored insulin
response in the brain. Putting these findings into a more clinically relevant context, Dr. Lam noted that
intranasal insulin administration raises whole-body insulin sensitivity and suppresses glucose production in
lean men, but not in men with obesity. Therefore, further inquiry into brain insulin sensitivity in models of
obesity may improve therapy options in the distant future.

Oral Presentations: Adipose Differentiation and Function

GIP Signaling Integrates with Insulin Signaling to Regulate Glucose and Lipid
Metabolism in Human Adipocytes

William C. Roell, PhD (Lilly, Indianapolis, IN)

Dr. William Roell presented a preliminary study on GIP signaling as it pertains to metabolic disease. Like
GLP-1, GIP (glucose-dependent insulinotropic polypeptide) is an incretin hormone released from pancreatic
beta cells. Dr. Roell was interested in the effects of GIP in the context of insulin signaling, and he used
differentiated human adipocytes to chase these answers. GIP attenuated the suppression of insulin-dependent
lipolysis, and in the complete absence of insulin, Dr. Roell found that it also stimulated the lipolytic effect.
While GIP had no lone effect on lipogenesis, he noted that it suppressed insulin-stimulated lipogenesis. He
also showed how GIP stimulated glucose utilization by the adipocytes, but did not play a role in acute glucose
uptake. However, GIP did enhance insulin-stimulated glucose uptake. These findings suggest that we may
need a novel model of GIP and insulin signal integration; there are certainly things we still need to
understand when it comes to their counter-regulatory roles in lipid and glucose metabolism. Interestingly,
Lilly announced on its 2Q18 earnings call that it will advance a GLP-1/GIP dual agonist into phase 3 clinical
trials.
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Symposium: Hepatokines and Metabolic Regulation - A Liver-Centric Point
of View

New Insights into the Physiology and Pharmacology of FGF-21

Steven Kliewer, PhD (University of Texas Southwestern Medical Center, Dallas, TX)

Dr. Steven Kliewer reviewed his lab's data demonstrating that (i) pharmacologic doses of FGF-21 act directly
on neurons to increase energy expenditure, and that (ii) endogenous FGF-21 acts on the nervous system to
stimulate thirst and reduce sweet preference. FGF-21 has attracted interest as a potential drug target for some
time due to preclinical and clinical evidence that it causes weight loss, increases insulin sensitivity, and
decreases plasma triglycerides in the context of obesity. Dr. Kliewer presented evidence that in a mouse model
of obesity, these clinical effects are mediated by direct effects on neurons leading to increased energy
expenditure, not by direct action on adipose tissue. His proposed model, incorporating data from other
groups, is that FGF-21 acts on the CNS to stimulate sympathetic outflow to brown adipose tissue, leading to
increased thermogenesis, weight loss, and increased insulin sensitivity. On the physiology side, Dr. Kliewer
showed that in the context of a ketogenic diet or alcohol consumption, endogenous FGF-21 stimulates thirst
and induces a preference for pure water over sweetened water, thereby increasing blood pressure and
maintaining volume status. He hypothesized that the link between the pharmacologic and physiologic effects
of FGF-21 is the sympathetic nervous system: The system likely evolved to maintain blood pressure in
response to dehydration, but pharmacologic doses of FGF-21 induce sympathetic outflow to other targets like
brown adipose tissue, leading to weight loss and other metabolic benefits.

▪ Novo Nordisk and Roche both have FGF-21 analogs in phase 1. Novo Nordisk's candidate
(NN9499) completed one phase 1 trial in men with overweight/obesity in October 2017 and is
undergoing a second trial in men and women with overweight/obesity that is expected to complete
in April 2019. Roche's candidate (RG7992) completed a phase 1a trial in obesity in March 2017 and
is undergoing a phase 1b trial in type 2 diabetes that is expected to complete in June 2019. Lilly and
Pfizer have both discontinued FGF-21 analogs that were in development for type 2 diabetes due to
lackluster glucose-lowering results, suggesting that obesity may be the more promising target for
this drug class.

Questions and Answers

Q: Is the action of FGF-21 always linked to the co-expression of beta-Klotho?

A: Yes, it is essential for FGF-21 and FGF-15-19.

Q: Another study suggested that loss of function of FGF-21 is associated with increased sugar
intake and also higher blood pressure. This seems like kind of the opposite. What is the
explanation for that?

A: All of our work has been done in mice. Some of these things are confusing in terms of directionality. There
might be species differences. There also might be counterregulatory pathways kicking in. It will take time to
sort things out.

Q: There's induction of FGF-21 from both fasting and simple sugars. How does that work?

A: The mechanisms of induction are confusing. PPAR alpha is an important inducer in starvation and a
ketogenic diet. It doesn't seem to be important in induction in response to simple sugars or alcohol; those
have other inducers. Several stress pathways converge on FGF21. We do see some synergy in the pathways for
simple sugars and alcohol. It's intriguing in the context of a diet of fruit and alcohol. We're just starting to
think about how different stresses converge, but there are lots of different pathways. We can't reduce it to one
that's responsible for everything.

Q: Do the FGF knockout mice have different susceptibility to alcohol intoxication?
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A: It's hard to make a mouse drunk. We haven't measured that directly. We know that metabolism of alcohol
in wild-type and knockout mice under acute exposure conditions is identical. We're not seeing a difference in
catabolism. We don't know about intoxication.

Q: Are the glycemic effects of pharmacologic doses explained by weight loss?

A: In the dob model, we think mostly yes. FGF21 does have direct effects on adipose tissue to stimulate
glucose uptake, but we're not seeing that that's required in this model. We think it's because it's driven by
weight loss.

Symposium: Exploring the Next Frontier in Diabetes Pharmacology

The Dual/Triple Peptides - Premise, Technologies, and Clinical Promise

Richard DiMarchi, PhD (Indiana University, Bloomington, IN)

GLP-1 agonists are a tremendous therapy class, offering profound glucose-lowering and weight loss, targeting
multiple physiological defects that give rise to type 2 diabetes. But is this the finish line? Or, as Dr. Richard
DiMarchi asked, "are we there yet?" Dr. DiMarchi discussed the promise of dual and triple agonists
incorporating GLP-1 - including GLP-1/glucagon, GLP-1/GIP, and GLP-1/glucagon/GIP - which he positioned
as the next generation of type 2 diabetes drugs. He also reviewed positive early research on the efficacy of
FGF21 and leptin analogs. Dr. DiMarchi showed how GLP-1/glucagon dual agonism has consistently yielded
superior results to GLP-1 agonism alone in preclinical models. He pointed out that this competitive landscape
has grown rather robust in recent years, with Sanofi, Janssen, Merck, AZ/MedImmune, Zealand, Novo
Nordisk, and many others all developing candidates. Several of these companies are targeting an obesity
indication instead of type 2 diabetes, and we're certainly excited about this potential to address the vast unmet
need in obesity therapy. Dr. DiMarchi highlighted Sanofi's SAR425899 for its "impressive weight loss results"
in phase 2 (this data has yet to be peer-reviewed and published, so the most we've heard publically came in
CEO Mr. Olivier Brandicourt's JPM remarks), although on the company's 1Q18 earnings call management
alluded to some tolerability issues related to a higher-than-expected GLP-1 effect. In our view, this doesn't
undercut the promise of this emerging therapy class, but it does underscore the need for a compelling safety/
tolerability profile, because the next wave of diabetes treatment should make life easier for patients, reducing
the daily burden of this chronic disease. Dr. DiMarchi also mentioned two positive phase 2 readouts on
MedImmune's GLP-1/glucagon dual agonist, which were presented earlier that morning at ADA; this
candidate is also being investigated for NAFLD/NASH, another area of high unmet need. Turning to GLP-1/
GIP dual agonists (click for the relatively less robust competitive landscape), Dr. DiMarchi launched into a
description of synergistic mechanisms. If you give GIP as monotherapy, you run the risk of stimulating
adipocytes, he explained, but in combination with GLP-1 this molecule drives greater glycemic improvements.
Moreover, GIP is an endogenous incretin hormone, and restoring the response in type 2 diabetes can help
"normalize" insulin production. Dr. DiMarchi concluded on a distinctly optimistic note, suggesting that "there
are multiple ways to get to poly-agonism," and that poly-agonism is going to offer "greater efficacy and
hopefully greater safety" to patients.

▪ Notably, Dr. DiMarchi referred to the SCALE program for obesity drug Saxenda
(liraglutide 3.0 mg) as "the end of the beginning," and he applauded Novo Nordisk for its
commitment to obesity as a therapeutic indication before anyone else was showing interest. We echo
these kudos, and we're hopeful that Novo Nordisk's leading role in the obesity market will bring
more attention and awareness to obesity as a chronic disease. The company is involved in multiple
efforts to reduce stigma around obesity, as outlined at Capital Markets Day last year (changing
people's mindset with the ACTION study, increasing HCP engagement with the Rethink Obesity
platform, and expanding patient access to care by supporting the Treat and Reduce Obesity Act).
Saxenda captured ~73% of pooled obesity drug sales in 1Q18, and Novo Nordisk also has a robust
obesity pipeline with semaglutide advancing into phase 3 this year and six phase 1/2 candidates.
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Symposium: Exploring the Next Frontier in Diabetes Pharmacology

"Smart" (Gluco-Sensing) Insulins - Nanotechnology and Other Approaches

Arturo Vegas, PhD (Boston University, MA)

Dr. Arturo Vegas gave an encouraging talk on progress toward glucose-responsive insulins (GRI). While this
field has seen its share of "failures" (e.g. Merck discontinued MK-2640 after phase 1), and while technical
challenges abound, it's certainly positive to see so much continued commitment to "smart" insulin. As Dr.
Vegas described, even the most engaged patients might only spend ~four hours in-range per day; insulin
therapy as it currently stands is still exceptionally difficult for providers to prescribe, and for patients to take,
and GRI could potentially simplify all of this (if it proves safe and effective). Dr. Vegas focused on three major
classes of glucose-sensing insulins in development: (i) phenylboronic acid (PBA)-triggered release of insulin;
(ii) glucose binding protein-triggered (GBP) release; and (iii) glucose oxidase (GOx)-triggered release. He
reviewed preclinical data showing that each of these "smart" insulins are glucose-responsive in mouse models,
inducing glucose responses that are similar to those seen in healthy mice.

▪ He also commented on the advantages and disadvantages of each of these major
classes:

◦ PBAs can form reversible covalent bonds with glucose, show physiological glucose affinity
levels, and are non-toxic, yet are not specific for glucose (also binding to fructose).

◦ GBPs are naturally occurring, stable, and structurally robust; however, they show non-
physiological glucose affinities and are immunogenic and mitogenic.

◦ GOx's have high glucose affinities and are stable, but form toxic peroxide byproducts and
are undesirably active at low glucose levels - this worries us because of the introduced
hypoglycemia risk.

▪ Glycosylated insulins conjugated to red blood cells also represent a promising
technology, in Dr. Vegas' eyes, as competitive binding of glucose to GLUT receptors on these
red blood cells can trigger the release of the glycosylated insulin for the desired glucose-dependent
action. Dr. Vegas concluded by explaining that recent advances in elucidating the crystal structure of
the insulin-receptor complex may yield novel approaches to GRI; we'll keep our eyes peeled for any
new candidates that enter the pipeline. Ultimately, glucose-responsive insulin is too early-stage for
us to get excited about applications in human patients, and until we see more reassuring data on
safety/hypoglycemia, we're cautious about becoming overly optimistic. That said, we agree with Dr.
Vegas that GRI would address many of the current challenges of daily diabetes management. We're
intrigued by the work going on at Dr. Zhen Gu's lab (smart insulin patch), and by other candidates in
the competitive landscape as well (take a look for yourself!).

Questions and Answers

Q: These delivery systems look like they have to be administered once a day, compared to
longer lasting once-a-week drugs that are beginning to be seen in today's landscape. Do you
think the frequency of these smart insulins will represent a challenge to their eventual
applicability to patients?

A: This area as a whole is slowly creeping up in terms of time and frequency of use. It used to just last a couple
of hours, but we not have some technologies that last up to four days.

Stretching It Out - Very-Long-Acting Agents and Implantable Technologies for
Drug Delivery in Diabetes

Carlos Alvarez, PharmD (Texas Tech University, Lubbock, TX)

Dr. Carlos Alvarez shared his take on promising, long-acting drug delivery systems that he hopes will increase
adherence - specifically, he touched on Intarcia's ITCA 650 (implantable exenatide mini pump, providing
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GLP-1 therapy for three-six months continuously) and a new GLP-1 receptor antibody, Glutazumab. As
background, Intarcia received a Complete Response Letter (CRL) for ITCA 650 in September 2017, and the
company is now preparing to re-file the candidate with FDA (no timing for resubmission has been
announced). While this was disappointing news, Dr. Alvarez was optimistic that ITCA 650 may reach the
market in "the next year or so." Presumably, this would mean FDA resubmission is right around the corner;
we can't be sure what the status is, but our sense is that it's taking more work to put together a re-filing
package than we originally anticipated. Nonetheless, we echo Dr. Alvarez's enthusiasm for this candidate,
which could make GLP-1 agonist treatment much easier and more adherence-friendly for people with
diabetes. Intarcia CEO Mr. Kurt Graves has highlighted this adherence piece in conversations with our team.
We've also heard that ITCA 650 won't be distributed through PBMs, which could result in more attractive
pricing for patients, more access.

▪ Dr. Alvarez also seemed excited about Glutazumab, a GLP-1 receptor monoclonal
antibody being developed by Gmax Biopharm. The agent is in phase 2 studies in Australia
and New Zealand. According to Gmax's website, Glutazumab (or GMA 102) could overcome
shortcomings of currently available GLP-1 agonists, namely that there's some on-target toxicity. The
humanized monoclonal antibody has a GLP-1 fragment attached, which could lessen on-target
toxicity. According to Dr. Alvarez, Glutazumab showed comparable glucose control to dulaglutide
(Lilly's once-weekly GLP-1 agonist Trulicity) for slightly longer duration in a mouse model of
diabetes. This is only preclinical data, but our interest is piqued for another approach to longer-
lasting GLP-1 therapy.

▪ Dr. Alvarez mentioned microneedle patches, islet cell implantation, and thermally
sensitive biopolymers as exciting drug delivery systems as well. He suggested that
microneedle patches could (eventually) replace insulin injections, but noted that they are currently
in early-stage clinical trials for a wide range of therapies. With respect to islet cell implantation, Dr.
Alvarez focused primarily on ViaCyte's PEC-Encap, a semipermeable encapsulation device that can
house beta cells and prevent the need for chronic immunosuppression. He remarked that ViaCyte is
working to downsize the PEC-Encap device to about the size of a quarter. Lastly, Dr. Alvarez stressed
that thermally sensitive biopolymers and elastin-like polypeptides, which can be attached to small,
short-acting peptides such as GLP-1s, have the potential to extend the dosing of these drugs for up to
6-12 months. Again, he acknowledged that these candidates are in the very early stages of clinical
development.

Posters

Duodenal Mucosal Resurfacing Elicits Improvement in Glycemic and Hepatic
Parameters in Type 2 Diabetes: 1 Year Multicenter Study Results

ACG van Baar, M Nieuwdorp, F Holleman, J Deviere, L Crenier, R Haidry, R Batterham, D
Hopkins, L Rodriguez-Grunert, M Galvao-Neto, P Vignolo, G Costamagna, JJGHM Bergman

Fractyl presented new one-year data on its duodenal mucosal resurfacing (DMR) procedure, and results were
overall encouraging, adding to the body of evidence that this intervention improves glycemic and metabolic
parameters in people with type 2 diabetes (n=37). One year after a single DMR procedure (which involves
endoscopic ablation of a 9-10 cm portion of the duodenal mucosa), participants saw mean A1c decline of 1%
(from baseline 8.6% to 7.6%, p<0.001), a 41 mg/dl reduction in fasting plasma glucose (p<0.001), and ~6 lbs
weight loss. Furthermore, HOMA-IR, a measure of insulin resistance, fell 3.6 from a baseline of 8.0
(p=0.005). DMR also caused reductions in the levels of liver enzymes ALT and AST (-10 units/l [p=0.005]
and -6 units/l [p=0.002], respectively), suggesting an improvement in NAFLD. Only one serious adverse
event was reported in the trial (a mild fever), and other adverse events (n=24) included mild to moderate GI
side-effects such as abdominal pain, nausea, and diarrhea.

▪ These findings complement previous data from the Revita-1 trial (n=42), which reported
a similar 0.9%-1.4% drop in A1c (depending on the level of residual beta cell function) and
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significant weight loss after one year. Two-year data from Revita-1 is expected in January 2019; we
look very forward to this read out, as it will shed light on key questions regarding the procedure's
long-term efficacy. Fractyl has also published positive one-year hepatic data for DMR from this
smaller study (n=27).

▪ Importantly, since the present study did not include a control group, it is difficult to
conclusively attribute these positive results to the DMR procedure as opposed to
participation in a clinical trial more broadly. To this end, Revita-2, a larger randomized
sham-controlled study (n=110) is currently underway with completion expected in September 2019
(primary completion anticipated in March 2019). Launched in March 2017, Revita-2 will randomize
participants to DMR endoscopies vs. a sham procedure. Participants in the placebo arm will cross-
over to the DMR procedure at 24 weeks, with a total trial duration of 48 weeks.

▪ For more on this innovative approach to diabetes therapy, see our 2015 interview with
Fractyl CEO Dr. Harith Rajagopalan.

Results of an Interim Analysis of a Phase 2, Randomized, Double-Blind, Placebo-
Controlled Clinical Trial of ZGN-1061 in Patients with Obesity and Type 2 Diabetes

T Kim, D Zhuang, T Hughes, D Kim, K Taylor

The focus of this poster was Zafgen's phase 2 obesity candidate ZGN-1061, a MetAP2 inhibitor. A phase 2 trial
in people with obesity/type 2 diabetes is currently ongoing (expected to complete in April 2019 per
ClinicalTrials.gov, though this is a marked delay from the previous June 2018), and this poster offered a
glimpse at interim data from a subset (n=57) of the study population (n=129). After eight weeks, A1c declined
0.4% from a baseline 8.7% with the highest (9 mg) dose of ZGN-1061 and actually increased 0.2% with
placebo (ETD 0.6%, p<0.02). After 12 weeks, A1c fell 0.5% with the study drug and rose 0.4% with placebo
(ETD 0.9%, p<0.01). Weight loss trended in favor of ZGN-1061 (-3.3 lbs vs. -2 lbs with placebo from a
baseline 233 lbs), though this did not reach statistical significance at the 12-week mark. For more, read our
coverage of Zafgen's corporate update from January 2018.

▪ Notably, there were no observed changes in thrombosis biomarkers (e.g. D-dimer)
over 12 weeks. Zafgen previously had to discontinue obesity candidate beloranib because of two
thrombosis-related deaths in phase 3; beloranib was also a MetAP2 inhibitor, and we thus expect all
eyes to be on thrombosis and safety as more data comes out on second-gen ZGN-1061.

Individual and Combined Glucose-Lowering Effects of Glucagon Receptor
Antagonism and Sodium-Glucose Cotransporter 2 Inhibition

S Haedersdal, A Lund, H Maagensen, E Nielsen-Hannerup, J Holst, F Knop, T Vilsbøll

A poster from the Steno Diabetes Center demonstrated significantly greater reductions in fasting plasma
glucose and postprandial glucose excursions with an SGLT-2 inhibitor + glucagon receptor antagonist (GRA)
vs. either therapy alone. The small (n=12) study administered 4-hour liquid mixed meal tolerance tests to
individuals with type 2 diabetes. Each meal was 394 calories, 50% carbohydrates, 15% protein, and 35% fat.
Moreover, each meal was preceded by one of four combinations: (i) placebo + placebo; (ii) SGLT-2 inhibitor +
placebo; (iii) GRA + placebo; and (iv) GRA + SGLT-2. The SGLT-2 inhibitor used was 25 mg empagliflozin
(Lilly/BI's Jardiance) and the GRA used was 300 mg LY2409021 (Lilly's now-discontinued glucagon receptor
antagonist). By way of mechanism, the combination of an SGLT-2 with a GRA is appealing, as the former is
thought to induce hyperglucagonemia that a GRA can help prevent. Compared to GRA alone (p<0.001) and
SGLT-2 alone (p<0.0001), the combination gave a superior drop in fasting plasma glucose in this study.
Glucose area under the curve (AUC) also fell with the combo vs. GRA alone (p<0.001) and SGLT-2 alone
(p<0.01), indicating improved postprandial excursions along the lines of additive efficacy. Neither GRA nor
SGLT-2 affected gastric emptying rate. Mean baseline BMI was 30 kg/m , A1c 6.5%, age 60 years, and2

diabetes duration six years.
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▪ Although Lilly is no longer actively developing its glucagon receptor antagonist, we
are excited about GRA candidates from Ligand and Ionis. Ligand recently licensed its
phase 3-ready GRA to Roivant Sciences, and we're now eager to see combination studies from that
program to reveal how glucagon receptor antagonism could work synergistically with SGLT-2
inhibition (and maybe other mechanisms). Ligand/Roviant have expressed interest in developing
their glucagon receptor antagonist for type 1 diabetes in addition to type 2; since SGLT inhibitors are
also close to approval for type 1, we'll be keen to see combination studies in that patient population
as well.

Product Theaters

Praluent (Alirocumab) Injection - The Time to Treat Is Now (Sponsored by Sanofi/
Regeneron)

Kenneth Feingold, MD (UCSF, San Francisco, CA)

Leading a product theater on Sanofi/Regeneron's PCSK9 inhibitor Praluent (alirocumab), Dr. Kenneth
Feingold delivered two main messages: (i) This drug is very effective in lowering LDL when given as adjunct
to maximally-tolerated statins, but (ii) HCPs currently have to jump through many, many hoops in order to
get Praluent reimbursed. Dr. Feingold tailored his presentation to prescribers and offered tips on how to
manage the sizeable administrative burden of utilization management criteria (part of the prior authorization
process). He presented a simple checklist for documenting the appropriateness of PCSK9 inhibitors in
patients, which included a diagnosis of ASCVD or familial hypercholesterolemia (FH), a recent lipid panel,
statin history, LDL goal, and use of adjunctive therapy. He also noted however that specific requirements for
prior authorization approval vary across insurance plans, making reimbursement even more complicated.
Speaking to FH, Dr. Feingold explained that payers are reluctant to accept current diagnostic criteria (of
which there are many different standards); he suggested that we move to genetic testing instead, as a way to
prove to an insurance company that a patient has FH. Dr. Feingold expressed a preference for utilization
management criteria that use baseline LDL level (e.g. ≥70 mg/dl) rather than percent reduction in LDL (e.g.
<50%) with maximally-tolerated statins. He argued that even a large percent reduction can still leave a patient
well above LDL target. Dr. Feingold also dedicated time to discussing the ODYSSEY Outcomes study, which
recently reported at ACC 2018 that Praluent reduces MACE risk by 15% vs. placebo (HR=0.85, 95% CI:
0.78-0.93, p=0.0003). Sanofi/Regeneron have a major opportunity up ahead to gain a CV indication for their
PCSK9 inhibitor; Sanofi management outlined a 2Q18 timeline for FDA filing, though there hasn't been an
official public announcement of this, if it happened. In any case, we're optimistic about a label change for
Praluent that reflects significant CV benefit (this would follow in the footsteps of Amgen's PCSK9 inhibitor
Repatha), and we're hopeful that cardioprotection claims can move the needle on reimbursement for this
therapy class.

▪ In fact, in early May, Sanofi/Regeneron inked a new deal with Express Scripts that
essentially lowers the net price on Praluent in exchange for relaxed utilization
management criteria. This would be a victory for HCPs, who could face less administrative
hassle in getting the PCSK9 inhibitor reimbursed, and it should certainly make it easier for patients
in-need to access the therapy. As part of this deal, Praluent also gained exclusive positioning over
Repatha on the Express Scripts national formulary, which covers 25 million Americans.

Criticality of LDL-C Lowering in Patients with Diabetes Mellitus (Sponsored by
Amgen)

Paul Jellinger, MD (University of Miami, FL)

Dr. Paul Jellinger reviewed a wealth of data suggesting that there should be no lower limit to target LDL for all
patients, especially those with diabetes. He echoed an argument that we've been hearing often at diabetes and
cardiology conferences - when it comes to LDL cholesterol, the lower the better. Dr. Jellinger explained how
lower LDL is associated with reduced risk for adverse CV events - this is clear from FOURIER data on
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Amgen's PCSK9 inhibitor Repatha (evolocumab). Even at the currently accepted lower limit for LDL (AACE
recommends a target <55 mg/dl for extreme risk patients, and that's one of the least conservative
recommendations in professional guidelines) significant residual CV risk remains. In other words, stopping at
an LDL of 55 mg/dl doesn't wholly address a patient's CV risk from dyslipidemia, diabetes, or another
condition. Dr. Jellinger quelled fears that lowering LDL levels too much will lead to physiological defects. He
illustrated how these lower LDL levels are in fact physiologically normal and should be the goal when
delivering treatments. Notably, Repatha was not explicitly mentioned throughout this talk, but the implied
message was clear: Amgen's PCSK9 inhibitor can be used to produce the many benefits that Dr. Jellinger
described for lowering LDL.

▪ Dr. Jellinger emphasized that diabetes more than doubles risk for adverse vascular
events, and he attributed this to the atherogenic lipid profiles that come with diabetes.
He presented a compilation of data pointing to increased LDL, increased triglycerides, increased
non-HDL cholesterol, and decreased HDL in people with diabetes. Again, the implication was clear:
Diabetes patients could benefit immensely from a more effective lipid-lowering drug like Repatha.
This echoed commentary from Dr. Michael Farkouh, who argued at AHA 2017 that more patients
with diabetes should be on PCSK9 inhibitor therapy (whether Repatha or Sanofi/Regeneron's
Praluent). Dr. Farkouh suggested that diabetes automatically moves people into the highest risk
bracket for CV events. If we use risk stratification to get PCSK9 inhibitors to the most vulnerable
patients, he explained, there should definitely be more PCSK9 scripts written for people with
diabetes. Dr. Jellinger added another layer to this argument, specifically highlighting the lipid
profile associated with diabetes and underscoring the importance of LDL reduction for any
individual with hyperglycemia.

▪ According to Dr. Jellinger, no substantial evidence exists to suggest that a lower LDL
limit would be harmful. He showed that LDL levels are lowest at birth and only rise with age,
climbing faster when people are exposed to a high-fat diet. He established lower LDL levels as
physiologically normal, pointing out that hunter-gatherer humans have been shown to have levels
that are half that of urbanized humans. Furthermore, Dr. Jellinger suggested that CNS-related
effects of lower LDL are overblown, seeing as circulating systemic LDL cannot pass through the
blood brain barrier and the CNS synthesizes its own cholesterol de novo.

Automated Insulin Delivery, Pumps, and Pens

Oral Presentations: Clinical Trials in Type 1 Diabetes

Safety and Performance of the Omnipod Hybrid Closed-Loop System in Adults
with Type 1 Diabetes over Five Days Under Free-Living Conditions

Bruce Buckingham, MD (Stanford University, Palo Alto, CA)

Stanford's Dr. Bruce Buckingham presented strong results from a five-day, free-living hotel study of Insulet's
Omnipod Horizon hybrid closed loop in adults (n=11, baseline A1c: 7.4%). The study compared 96 hours of
hybrid closed loop with a tablet computer and Dexcom G4 CGM to seven days of patients' standard therapy
(27% MDI, 73% pump). Horizon drove a robust +2.7 hour/day improvement in the range of 70-180 mg/dl
(74% vs. 63%, p=0.02), a dramatic 63% reduction in time <70 mg/dl (-46 mins/day: 1.9% vs. 5.1%, p=0.001),
and a 47% reduction in time >250 mg/dl (-58 mins/day: 4.5% vs. 8.5%, p=0.01). Mean glucose was not
significantly different between the groups - 150 mg/dl on closed loop vs. 156 mg/dl on standard therapy
(p=0.46) - though with a larger study and broader population at baseline, perhaps this would have been
significant. From our view, it doesn't matter if "mean glucose" is significantly different - the more important
point to us is this is why "mean glucose" is not the only metric to watch. The same was true for time >180 mg/
dl, which trended in the right direction: 25% on closed loop vs. 32% on standard therapy (p=0.12). Overnight
glucose outcomes also looked striking, with an even larger differential on time <70 mg/dl - an 88% reduction
in hypoglycemia, from 5.7% to 0.7% (p=0.02), or 24 minutes less per night. As seen in the picture below,
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closed loop narrowed glucose variability across the entire day, and coefficient of variation came in at a strong
33% overall (vs. 37% on standard therapy), including a very impressive CV of 26% on closed loop overnight.
(As a reminder, coefficient of variation is a metric of variability - standard deviation divided by mean - where
<36% indicates stable glucose.) Generally this group was in strong control with usual care (more than the
average person with type 1 diabetes), and Horizon still showed very significant results and compared quite
favorably to the MiniMed 670G pivotal. Horizon users were in closed loop 97.5% of time, which was
outstanding and hopefully a good sign for the commercial product (time in Auto Mode was 87% in the 670G
pivotal and 79% in real-world 670G use). It was great to see the study include 27% MDI users - key for Insulet
to include, given its target market.

▪ This was also a solid real-world challenge for the system, as the average meal size was
53 grams of carbs (largest meal was 200 grams of carbs!) and the 11 study participants
engaged in a total of 43 exercise sessions averaging 54 minutes each (51% of which were
moderate or high intensity). The algorithm targets 120 mg/dl, but participants could adjust their
glucose set point temporarily anywhere between 100 mg/dl and 150 mg/dl - nice! A raised glucose
set point was used for 37% of exercise sessions (mostly 140 or 150 mg/dl). Participants could also
opt to use extended boluses, and 64% of participants chose to do so - a marker of how engaged this
population is, perhaps even underselling the system's benefit relative to baseline. Dr. Buckingham
concluded that Horizon was safe and performed well over five days of use, and the team is planning
further studies in 2-4 year olds. The 6-12 year old and adolescent data is included in the poster
section below; it looked every stronger and we think this is a better comparison to the "average"
outcomes in type 1 diabetes across the US. It's unclear when Insulet plans to do its pivotal, but we'd
guess 2019 is likely at this stage.

▪ To enable fast iteration, the team is still using a research platform: a tablet running
the MPC algorithm and communicating to the Omnipod PDM and a separate Dexcom
G4 receiver. The compelling commercial product vision remains an algorithm integrated into the
tubeless pod and talking to the G6 directly - a full on-body closed loop ecosystem. The Dash PDM
platform, adapted for Horizon, will allow users to interact with the system for meals, see G6 CGM
values, view system status, etc.

▪ "The system handled exercise reasonably well…We had a guy who could run a
4-minute mile, and he wanted to run a few miles at a 6.5 minute pace. We didn't have
anyone that could run that fast with the tablet to keep up, so we had someone follow him on a bike
with the tablet."
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Insulin-plus-Pramlintide Artificial Pancreas in Type 1 Diabetes-Randomized
Controlled Trial

Ahmad Haidar, PhD (McGill University, Canada)

McGill's Dr. Ahmad Haidar presented some of the most compelling hybrid closed loop data of ADA: use of
pramlintide (amylin analog) on top of rapid acting insulin during a 24-hour, in-clinic, JDRF-funded study
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boosted time in 70-180 mg/dl by nearly three hours/day vs. insulin alone - wow! There were no concomitant
increases in hypoglycemia or side effects. A small group, 27 type 1 adults (mean age 39 years, mean A1c 7.8%),
each used single-hormone closed loop (rapid insulin), dual hormone closed loop (rapid insulin +
pramlintide), and dual hormone closed loop (Humulin R + pramlintide), in randomized order, for 24-hours in
clinic. Basal-bolus pramlintide was delivered through a separate pump at a fixed ratio of 6 ug per unit of
insulin to mimic co-formulation, and to make a case that this could eventually be done with a one-chambered
pump. On rapid insulin + pramlintide in the closed loop, patients spent a whopping 86% in-range, vs. 74%
with rapid insulin alone and 68% with Humulin R + pramlintide. This translates to ~3 hours more in-range
per day than rapid insulin alone, and ~4.5 hours more than with Humulin R + pramlintide. As expected with
pramlintide, meals really drove the advantage, as shown in the quite compelling plots below. Mean glucose
was also a significant 10 mg/dl lower on rapid insulin + pramlintide vs. insulin-alone and Humulin R +
pramlintide (133 vs. 143 vs. 143 mg/dl). The same was true of coefficient of variation: 27% vs. 31% vs. 33%.
Time >180 mg/dl was significantly reduced by 1.7 hours/day with rapid insulin + pramlintide compared to
rapid alone (16.7% vs. 9.7%) There was no difference between rapid alone and rapid + pramlintide in terms of
time <70 mg/dl - a great sign that improved time-in-range was not traded for more hypoglycemia. From an
episodic perspective, there were 0.45 hypoglycemia events/day in the rapid insulin arm, 0.46 events/day with
rapid insulin + pramlintide, and 0.7 events/day with Humulin R + pramlintide. It is still possible that
pramlintide + rapid insulin caused greater time/depth of hypoglycemia than did rapid insulin alone, but the
data presented is encouraging, as hypoglycemia is a risk with amylin. The swift PK/PD of the rapid acting
insulin allows for what appears to be safe use in tandem with co-infused pramlintide, while the Humulin R-
pramlintide combo seems less advisable - this is not surprising from our view as no matter how you look at it,
that insulin is just less stable for most people with diabetes. Regarding side effects (nausea, headache,
vomiting, bloating, and heartburn), there were no observable differences between the three arms, and all
reported events were noted to be mild. This is a really big deal, as these are far better results in terms of side
effect profile than taking pramlintide "straight" as a mealtime injection - presumably the fixed ratio and co-
infusion helped minimize this. This preliminary data is highly encouraging, suggesting that amylin-insulin
analog co-formulations could be very successful in closed loop for type 1s, especially because insulin is co-
secreted with amylin in a non-diabetes beta cell. This study used the Class AP algorithm that Lilly licensed for
its in-development hybrid closed loop - we can't help but wonder whether Lilly will pursue this dual-hormone
approach (after all, the company has said they are keeping an open mind with regards to closed loop system
design). Lilly doesn't have an amylin analog in its pipeline to our knowledge, but could well work with Adocia
(who has an insulin/pramlintide coformulation), AZ (pramlintide, on the market), Novo Nordisk (long-acting
amylin analog in phase 1), or Zealand/BI (long-acting analog). We're not aware of other amylin analogs in-
development. We would absolutely love to see amylin make a comeback - it is far more challenging to dose at
meals (particularly figuring out how much less insulin to take) and we think the fixed-ratio co-formulation
would appeal to many patients, especially given the single-chamber potential. Notably, AZ's Symlin was
originally used as "bolus" but some patients with old pumps used to pump Symlin and anecdotally had much
better results. Some did both (basal and bolus) and this study suggests that works quite well.

▪ During the day, rapid insulin + pramlintide conferred a remarkable 82% time-in-
range, compared to 60% in the rapid insulin closed loop arm. This makes sense, as one of
pramlintide's key attributes is its ability to blunt postprandial excursions, and in this study it was co-
infused with bolus insulin at meals (i.e., as a co-formulation would be). The improvement during the
night was not significant (95% vs. 92%), though Dr. Haidar pointed out that there's obviously not
much room to improve from insulin alone. Daytime mean glucose with rapid insulin + pramlintide
(143 mg/dl) bested that in the rapid insulin-alone arm (155 mg/dl). At night, the rapid insulin +
pramlintide arm had slightly greater mean glucose than rapid insulin alone (118 vs. 111 mg/dl),
though this difference was not significant. The only significant difference with Humulin R +
pramlintide was a ~2 hour decrease time-in-range overnight relative to rapid insulin alone. In Q&A,
a physician noted that the improvements came during the day, so why not just use pramlintide at
mealtime as it is currently indicated? Dr. Haidar responded that if he had a dual-chambered pump,
he wouldn't choose to deliver at night, but the advantage of co-formulation is the user only needs
one infusion site, one cartridge, etc.
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▪ Supplementing insulin with pramlintide in hybrid closed loop significantly improved
postprandial response, particularly when the insulin was rapid-acting. The slide below
depicts the incremental postprandial glucose change from baseline when glucose at the start of the
meal was <90 mg/dl (upper left), >180 mg/dl (lower left), and between 90-180 mg/dl (right). The
figures demonstrate how pramlintide blunts postprandial excursions in all three scenarios, and even
causes an immediate decrease in glucose following a meal when initial glucose is >180 mg/dl. We
assume 90 mg/dl was used because of 5 mmol/l (McGill is in Canada), or perhaps because the
algorithm starts making tweaks at that level. Ideally, the ranges could also be reported in the now-
accepted <70, 70-180, and >180.

▪ In a post-trial survey, 19/26 (73%) individuals agreed or strongly agreed that they
would use a co-formulation product of rapid insulin + pramlintide if it were on the
market. Only three (~12%) disagreed or strongly disagreed. Further, 19/26 (73%) agreed or
strongly agreed that rapid insulin + pramlintide made their sugar control more even or predictable
(of course, this wasn't exactly a placebo-controlled, blinded study). Meanwhile, 14/26 (54%)
disagreed or strongly disagreed that they would use a co-formulation product of Humulin R +
pramlintide, and 12/26 (46%) disagreed or strongly disagreed that Humulin R + pramlintide made
their blood glucose more even or predictable. Yeah, Humulin R is a really hard product for many
people with diabetes to use and we'd argue virtually all those with type 1.

▪ Close Concerns Questions: Was there a reduction in insulin dose during the pramlintide arms?
(Dr. Haidar told us the data is not fully analyzed yet.) We assume insulin was reduced in the
pramlintide arm, but look forward to seeing the data. Assuming there was a reduction, we wonder
how much it was? How cost effective is pramlintide when used in a co-formulation? (We imagine
that less insulin would certainly offset the cost of pramlintide but we can't imagine short-term it's
cheaper - long-term of course there would be many potential benefits associated with greater time in
zone.) Will any company pursue a single co-formulation to market? How much time did participants
spend <70mg/dl? <54 mg/dl? Was there an overall reduction in time <180 mg/dl? Will Lilly pursue
a pramlintide + rapid insulin algorithm? Would this have greater efficacy over insulin + glucagon? Is
there any interest in triple therapy? : >
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▪ Details on methods and logistics: The study used Dexcom sensors and Medtronic pumps with
the patients' usual rapid-acting insulins. Algorithms for basal insulin and basal insulin/pramlintide
deliveries were identical, while bolus insulin and insulin/pramlintide deliveries were different across
interventions. Meals and carbs were announced to the algorithms. Each intervention was preceded
by a two-week run-in to titrate dosing, after which the participant came into the clinic for 24-hour
evaluation including three self-selected meals and one snack.

Twelve-Week Home Use of Hybrid Closed-Loop Insulin Delivery System vs.
Sensor-Assisted Pump Therapy in Adults with Type 1 Diabetes-Intermediate
Results of the Multicenter Randomized Crossover Diabeloop WP7 Trial

Sylvia Franc, MD (Centre Hospitalier Sud-Francilien, France)

12-week home data from Diabeloop's WP7 (n=67) randomized crossover trial of its AID system (Cellnovo
patch pump + Dexcom CGM + algorithm on handset) were very positive, with time in 70-180 mg/dl
increasing by 2.9 hours/day vs open loop (69% vs. 57%). Due to a fairly significant discrepancy in baseline A1c
(7.9% in the open loop group, and 7.3% in closed loop), the authors also presented mean adjusted data, which
still suggested a ~2 hour mean increase per day in time 70-180 mg/dl vs. open loop (67% vs. 59%). Because
this is just an interim readout of the first segment of a real-world crossover trial - as requested by the French
Health authorities, no less - the difference in initial A1c levels will come out in the crossover period. Adjusted
for baseline A1c, the closed loop group spent 50 minutes less per day <70 mg/dl (1.6% vs. 4.9%), 10 minutes
less per day <50 mg/dl (from a low base; 0.1% vs. 0.8%), and 30 minutes less per day >300 mg/dl (2.6% vs.
4.5%). We are curious what the differences were >180 mg/dl and over 250 mg/dl. Efficacy in the overnight
period was very similar to that seen in the 24-hour data. From a safety perspective, the open loop group
experienced two severe hypoglycemia events, while the closed loop group had zero "due to the Diabeloop
device," and three "not linked to the Diabeloop device" - this was not further clarified. There was no DKA in
either group. The slide below shows tightening and slight lowering of the glucose profile compared to the open
loop control during both day and night, though differences in mean glucose and coefficient of variation (CV)
were not significant: Mean glucose was 165 mg/dl in open loop vs. 161 mg/dl in closed loop; the improvement
in CV from 33.8% in open loop to 31.8% in closed loop trended toward, but did not reach significance
(p=0.062). The second "crossed-over" arm of WP7 is still ongoing.

▪ Up next, Diabeloop aims to obtain CE marking, complete the second half of WP7,
commence WP8 (a study for European reimbursement), and evaluate the system in
kids. As a reminder, the first iteration of Diabeloop's automated insulin delivery system is at this
point set to roll out in France, the Netherlands, and Sweden in late 2018. Though Cellnovo's pump
was used in WP7, we're not sure if Cellnovo's, Kaleido's, or both patch pumps will be used in the
initial launch. This system could be second hybrid closed loop on the EU market, as we assume the
now-CE Marked MiniMed 670G launches (announced on the fourth day of ADA) will launch first
(this fall in ten EU countries). Tandem has not given Basal.IQ timing for Europe. We also learned at
this ADA from Ms. Dana Lewis that Diabeloop will incorporate features inspired and at least
partially designed by the OpenAPS community in its second-generation closed loop, expected to
begin rolling out in early 2019.

▪ The French Health authorities required Diabeloop to offer the telemedicine services
of dedicated nurses for the purposes of the trial. A skeptical audience member asked if the
improvements were due to the remote support or the closed loop, though we would assume both
groups had access to the nurses. In the future, not all Diabeloop systems will come with the
telemedicine contacts.
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Real-World Data from the MiniMed 670G System Commercial Launch-Patients
Previously Using MDI Therapy

Scott Lee, MD (Medtronic Diabetes, Northridge, CA)

Medtronic's Dr. Scott Lee shared interesting real-world data from former MDI users who transitioned to the
MiniMed 670G (n=241), comparing their CGM data on 670G in Manual Mode vs. Auto Mode. As the table
below shows, relative to the pivotal trial and a bigger real-world 670G data set from 30,337 users, these 241
former MDI users had similar Auto Mode outcomes on the MiniMed 670G: 73% time-in-range (70-180 mg/
dl), 2% time <70 mg/dl, and 25% time >180 mg/dl. The change from manual mode was also similar to the
other groups: a +1.9 hour improvement in time-in-range (73% vs. 65%), no change in hypoglycemia, and an 8
mg/dl improvement in mean glucose. Notably, the MDI users spent 82% of the time in Auto Mode, slightly
higher than the real-world users (79%) and closer to the pivotal's 87%. Dr. Lee clarified in Q&A that these are
not pre-670G outcomes on MDI vs. 670G Auto Mode outcomes - the real question we'd want to see answered.
Instead, these data reflect how someone on MDI did after transitioning to 670G, both in Manual and Auto
Mode. The bigger question will be answered in Medtronic's currently-recruiting outcomes study (goal of
n=1,000). As a reminder, the 670G pivotal study required patients on a pump for at least six months (± CGM)
- it's great to see positive outcomes in MDI users, even if it's a small fraction of users to start.

▪ Dr. Lee commented on his own practice, noting that many MDI users have had an
easier time transitioning to the 670G than many pump patients: "In some ways, they have
less baggage from wanting to control every single blood sugar and every single insulin delivery." This
is a great point and one we've been making for some time - and just another sign that the closed loop
will certainly expand the pump market more than some may have thought - we've been calling the
closed loop the "killer app" for pumps for ages and it's fantastic to see more and more positive
feedback for everyone that goes on it. The ROI for pump therapy certainly is improved, often
dramatically, when CGM and closed loop automation are added - the comprehensive benefits will, of
course, be seen even more over time as algorithms learn and adapt. A real homerun closed loop
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product for MDIs may well be Insulet's Horizon, though over time Medtronic and others could get
there with smaller and more intuitive versions of the 670G and other traditional pumps.

Oral Presentations: Innovations in Insulin Formulation and Delivery

Human Regular U-500 Insulin via Continuous Subcutaneous Insulin Infusion vs.
Multiple Daily Injections in Adults with T2D-The VIVID Study-All Randomized
Population

George Grunberger, MD (Grunberger Diabetes Institute, Bloomfield Township, MI)

Dr. George Grunberger presented positive data from the large, 26-week VIVID RCT of Insulet's Lilly-
partnered U500 Omnipod (vs. U500 MDI, both with Humulin) in type 2s (n=420) with high total daily doses
(TDD) of insulin - the first ever major study of U500 insulin administered through a pump, to our knowledge.
Enrollees were a mean ~57 years old, with BMIs of ~40, high A1cs (~8.75%), and TDDs of ~290 units. During
the first week of the study, all participants injected U500 insulin three-times daily - one group continued with
MDI for the subsequent 25 weeks, while the other switched to pumping U500 with Omnipod. By the end of
the 26 weeks, both groups had significant A1c reductions with U500 insulin, but the Omnipod group's
decrease was significant greater by 0.42%; -1.27% vs. -0.85% (p<0.001). The groups' A1c began to diverge as
early as eight weeks (the first time it was measured per the protocol) - not surprising at all but surely
heartening to the U500 manufacturers as well as patients lucky to be in this trial. Fasting plasma glucose
reduction was also significantly greater in the Omnipod arm (~30 mg/dl decrease) vs. MDI (no net change) at
26 weeks. Further, the greater A1c reduction with the Omnipod was not accompanied by an increase in TDD
by week 26, while the MDI group had increased its TDD by ~50 units, up to ~340 units per day - lower A1c,
with less insulin on Omnipod= a home run in our book and great to see that the higher cost of pump delivery
is offset by less insulin. Overall, there was no significant difference in documented symptomatic hypoglycemia
<54 mg/dl (~15 events/patient/year) or ≤70 mg/dl (~35 events/patient/year), nor in severe hypoglycemia,
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which was low in both groups and presumably from significant insulin resistance in this population. (We
assume these glucose events were measured via BGM, but it was not stated.) However, nocturnal
hypoglycemia events/patient/year were significantly greater in the Omnipod arm, both at the <54 and ≤70
mg/dl thresholds - we'd point out in the graph below that the absolute difference looks very small (~2-5
events per year!) and therefore not likely very clinically significant though obviously any extra time in
hypoglycemia isn't a positive. One audience member asked during Q&A if the greater nocturnal hypoglycemia
materialized because of large pre-sleep boluses; another questioned whether the basal rate needs to be
reduced at night. While Dr. Grunberger showed that the bolus:basal ratio increased slightly from 50:50 to
53:47 in the Omnipod arm, it was unclear why they had greater levels of hypoglycemia. With further studies,
occasional professional/real-time CGM, and greater education regarding titration, we believe the increase in
hypoglycemia could be mitigated. Dr. Grunberger concluded the talk by flashing "U500 delivered in a
dedicated pump could be a viable option for patients requiring high doses of insulin." We'd agree that it could
be and believe overall in inimitable Grunberger fashion, this was slightly understated. This long-in-progress
study was a definite success, particularly because it filled in a large gap in existing literature - ~25% of U500
insulin is reportedly used in pumps designed for U100, and the safety and efficacy of this practice was
previously unknown. We're excited for very insulin-resistant people with type 2 diabetes to have a pump
option where they won't have to do arithmetic acrobatics in their head in the near future or use multiple
syringes or pen doses. Insulet has long guided for this product to launch in 2019, and we believe this study
proves its clear safety and efficacy. Overall, seems like lots of upside for Insulet as well as this patient group.

▪ We saw screenshots of the very well-designed U500 Insulet PDM at DTM 2017.

▪ A separate ADA poster (P-1011) detailed the same VIVID study, but examined a
primary population excluding individuals on GLP-1s and SGLT-2s. Results were nearly
identical to those in Dr. Grunberger's presentation, with both groups seeing significant A1c
improvements, but the pump group finishing the 26 weeks with a 0.44% greater A1c drop (1.3% vs.
0.86%). Nocturnal hypoglycemia (≤70 mg/dl) and severe hypoglycemia were slightly (and
significantly) higher in the Omnipod arm, but in general the device still seems safe and effective in
the GLP-1 agonist- and SGLT-2 inhibitor-using patients.
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Fully Closed-Loop Glucose Control in Noncritical Care Settings-A Randomized,
Controlled Two-Center Study

Lia Bally, MD, PhD (Inselspital Bern University Hospital, Switzerland)

Dr. Lia Bally presented very encouraging results from a multi-site, 15-day RCT (n=136) of the Cambridge
group's fully automated closed loop system in inpatient type 2 diabetes. In a huge win for the group and the
closed loop field, the study was also simultaneously published in NEJM! Wow! To initialize the system - which
consists of the Navigator 2 transmitter/receiver, Dana R insulin pump, and a tablet housing the algorithm -
only body weight and estimated total daily dose are required. Overall, participants who received closed loop
therapy (n=70) spent a remarkable 5.8 more hours in-range (100-180 mg/dl; 65.8% vs. 41.5%) and 6.2 fewer
hours >180 mg/dl (23.6% vs. 49.5%) per day as compared to the control (n=66). Neither group spent any time
<54 mg/dl (one could argue that the algorithm could be more aggressive to eliminate more hyperglycemia).
Dr. Bally emphasized that these incredibly positive results were achieved by variations in insulin delivery
(adjusted every 12 minutes), as the total daily dose did not significantly differ between groups. Standard
deviation was also significantly lower in the closed-loop group (46 mg/dl vs. 59 mg/dl), as was mean glucose
(154 mg/dl vs. 188 mg/dl). Importantly, the patient population was impressively diverse, admitted to the
hospital for a variety of reasons including renal, cardiac, respiratory, and neurological complications. ~Two-
thirds of the population were on a basal-bolus regimen. 98% of participants reported being happy to have
their glucose levels controlled automatically, and 100% of participants would recommend use of the system to
others. Dr. Bally concluded that the closed loop system promises to be a novel approach in managing
inpatient hyperglycemia safely and effectively. These results add to similarly positive data from a smaller
study (n=12) of the system presented at ADA 2016. As the only group, to our knowledge, currently running
studies to bring closed therapy to the inpatient setting, we're certainly rooting for Cambridge's success. The
fact that baseline time-in-range in a place where healthcare is supposed to be delivered is just ~40% is mind-
blowing and highly concerning - particularly with recent research demonstrating that higher mean glucose in
the cardiac perioperative setting significantly correlated with lower 30-day mortality. Dr. Bally mentioned
during Q&A that future studies plan to actively involve the hospital staff.
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Improvements in A1c and Time-in-Range in DIY Closed-Loop (OpenAPS) Users

Dana Lewis (OpenAPS, Seattle, WA)

Ms. Dana Lewis presented very impressive data from a retrospective, cross-over study of 20 do-it-yourself
(DIY) users, comparing their glucose metrics four to six weeks before vs. after initiation of OpenAPS. DIY
closed loop conferred improvements in every metric analyzed: time-in-range (70-180 mg/dl) increased from
76% (quite a high base) to 82% (+1.5 hours/day); time <70 mg/dl decreased from 6% to 4.5% (-22 minutes/
day); and time >180 mg/dl decreased from 18% to 13% (-1.2 hours/day). On DIY, participants saw mean
blood glucose decrease by 8 mg/dl (136 mg/dl to 128 mg/dl) and mean estimated A1c decline by 0.3% (from a
very low base of 6.4%). Clearly, the improvements are made all the more impressive by the fact that the DIY
users were very on top of their diabetes care regimen prior to going on closed loop. Although this study
focused solely on glycemic outcomes, Ms. Lewis expressed the hope that all hybrid closed loop studies
consider measures of quality of life, including frequency of clinical visits, number of manual interventions
required, and sleep. We're definitely impressed by these results - in the first ADA DIY oral, no less - and are
delighted to see the DIY community releasing more data (the last data we saw from OpenAPS was in an ADA
2016 poster), lending even more credibility to this trailblazing community. Kudos to the ADA for choosing
this as an oral! The posters section below includes more DIY data and updates - we thought it was great to see
the "best" p-value beside overall time-in-range and time >180 mg/dl (sometimes reductions in hyperglycemia
are not viewed the same way in importance as reductions in hypoglycemia).
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▪ Ms. Lewis broke out overnight data, and to her surprise, found that greater
improvements in glycemia were seen during the day. She postulated that there are so many
tasks people with diabetes have to do during the day that OpenAPS can "benefit a lot more in
helping us catch up with all the things we're dealing with." That logic makes sense - closed loop
could feasibly help people better manage meals and exercise - though hybrid closed loop studies
almost always show greater improvement overnight. They actually looked pretty equal to us:
overnight time-in-range increased from 80% to 86% while daytime time-in-range increased from
74% to 80%. See below for the tabulated data.
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▪ Interestingly, Ms. Lewis noted that a couple of people actually saw their time-in-range
decrease on closed loop, as evidenced by the individual pre- and post- results shown
below. She stipulated that this is likely due to variations in the set glucose target, as OpenAPS
recommends setting a very conservative target (especially for beginners).
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Oral Presentations: Preventing and Treating Hypoglycemia

Differential Effects of the Insulin-Only and Bihormonal Configurations of the
Bionic Pancreas on Mean Glucose and Hypoglycemia during the Daytime and
Nighttime

Courtney Balliro (Massachusetts General Hospital, Boston, MA)

This impressive, randomized, six-arm (!), crossover home study (n=23) compared use of the MGH/BU Bionic
Pancreas in insulin-only and bihormonal (insulin/glucagon) modes to usual care. Each arm was seven days
long; participants were studied with and without remote monitoring (the latter presented here); and the study
used Dexcom's G5 CGM, an iPhone 6S running the Bionic Pancreas control algorithm, and one or two
Tandem t:slim pumps depending on the arm (Lilly glucagon was reconstituted daily). Notably, there were no
restrictions on food, work, or activity; meal announcements were optional; and only body weight was used to
initialize the system. The picture below shows the topline seven-day outcomes in each arm, which gave a
slight edge to bihormonal: mean glucose was 165 mg/dl on usual care, dropped to 148 mg/dl on insulin-only,
and dropped further to 139 mg/dl on bihormonal. Similarly, time-in-range (70-180) was 60% on usual care,
improving to 72% with insulin-only and up further to 79% with bihormonal. Median % time <54 mg/dl was
very similar across the three arms and quite low - 0.58% vs. 0.64% vs. 0.17%. In terms of projected A1c, only
30% of the usual care arm made it under 7% vs. 61% on insulin-only and a remarkable 91% on bihormonal;
these corresponded to projected A1c's of 7.2% on usual care, 6.8% on insulin only, and 6.5% on bihormonal.
Day and night outcomes were also broken out, with the largest difference at night - bihormonal had an
average glucose of 129 mg/dl and an impressive 88% time-in-range vs. 143 mg/dl and 76% time-in-range on
insulin-only. Ms. Balliro strongly emphasized that overnight time <54 mg/dl was 0% on bihormonal vs. 0.7%
on insulin-only - a point we felt was overemphasized, given the very low rates in both arms.

▪ In short, this was a very well-controlled, real-world, long-needed head-to-head
evaluation of how the Bionic Pancreas performs in both modes. The insulin-only
outcomes look excellent and similar to other systems (with some potential user experience
advantages on meals, startup, and adaptation. The addition of glucagon seems to add a bit more
efficacy and aggressiveness. (Insulin-only targeted 110 mg/dl, while bihormonal targets a slightly
lower 100 mg/dl.) An open question remains whether payers and/or patients will cover the
additional cost of glucagon for the added benefit. Still, we're elated to see bihormonal being tested so
rigorously, head-to-head against insulin and usual care!

▪ Notably, the bihormonal system was rated significantly higher for less worry about
lows. There was no difference in self-reported hypoglycemia, though significantly more total carbs
were used to treat hypoglycemia in usual care when compared to both bionic pancreas arms. We
don't think it's worthwhile for some to proclaim this is "too expensive," etc. - it's too early to know
how glucagon will be priced and distributed, especially because a Zealand cartridge of dasiglucagon
may last for a week or more in the iLet (depending on how much is used).

▪ Beta Bionics expects an insulin-only pivotal trial to begin in the second half of 2019,
while the bihormonal pivotal trial is expected to begin in late 2019 or early 2020. The
team is beginning an outpatient bridging study this summer, testing the insulin-only version of the
integrated iLet device - see our coverage from the IDE approval in May here. Following ADA, we
learned that the first iLet dosing in adults using Dexcom CGM and Novo Nordisk's Fiasp in
PumpCart (prefilled) has already begun this month (July). The first children will also be dosed with
the iLet using Dexcom CGM this month. In August, Beta Bionics will also dose the first adults with
the iLet and Senseonics Eversense CGM.
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▪ Ms. Balliro also noted that the Bionic Pancreas "knows nothing about a patient's
current insulin needs" - it initializes based on body weight and adapts over time. This could
prove a significant startup/training advantage relative to other systems like the MiniMed 670G, and
a significant advantage in adolescents with ever-changing insulin requirements.

▪ The study included 23 participants on insulin pump therapy for at least six months,
and a current or previous CGM user. Participants had a mean age of 38 years, a mean A1c of 7.2%,
and an average diabetes duration of 25 years.

Questions and Answers

Dr. Anne Peters: In the insulin-only arm, did they have to tell the system how many carbs they
were going to eat?

A: There is no required input to the system in either arm - it's an optional meal announcement feature. It
gives 75% of the insulin it thinks you need. And it only asks for a qualitative measurement - "typical," "larger
than typical," or "smaller than typical" meal. That may also be why there is a little more hypoglycemia in the
insulin-only arm.

Q: How much difference was there in insulin use with bihormonal?

A: There was not a significant difference in total daily dose. The bihormonal arm did use a little more insulin,
but insulin-only used the same as usual care. It was pretty typical for what we see in studies.

Q: What about precautions for exercise?

A: We haven't had structured exercise in our studies. In these outpatient studies, we're not going to tell
participants what to do - we don't specify or force them to do structured exercise. Studying structured exercise
is not a priority in the development of the device at this point.

www.closeconcerns.com 197



Oral Presentations: From Progression to Management in Type 1 Diabetes-
What Is New?

Overnight to Early-Morning Glycemic Outcomes in Children Using the MiniMed
670G Hybrid Closed-Loop (HCL) System

Gregory Forlenza, MD (Barbara Davis Center for Diabetes, Aurora, CO)

Barbara Davis Center's Dr. Gregory Forlenza shared unpublished data on overnight to early-morning glycemic
outcomes in pediatrics (7-13-year-olds) with the MiniMed 670G/Guardian Sensor 3 hybrid closed loop. The
results (n=105) were broken out from the three-month pediatric pivotal study presented at ATTD in February.
The single-arm, multi-center investigation found the 670G significantly increased overnight (10PM - 7AM)
time-in-range (70-180 mg/dl) from 57% to 71% (+1.3 hours). Overnight time <70 mg/dl also improved
significantly, dropping from 5% to 2% (-16 minutes), and overnight time >180 mg/dl decreased from 39% to
27% (-1.1 hours). To us, these data sound like many more uninterrupted nights of sleep for children and
parents, which is easily one of the most compelling outcomes of hybrid closed loop and far less risk longer-
term (though admittedly better time in range is not yet formally associated with fewer long-term
complications). Mean glucose declined from 166 mg/dl to 155 mg/dl. Impressively, the time during which no
insulin was delivered increased a whopping 108 minutes - that's nearly two hours! As Dr. Forlenza pointed
out, this alone clearly demonstrates the benefit of matching insulin delivery to physiologic demand, which is
impossible with a single set basal rate every night. We were delighted to see the 670G obtain FDA approval for
7-13 year-olds on the eve of this ADA, becoming the first hybrid closed loop system approved for pediatric use.
Dr. Forlenza mentioned during Q&A that a post-market study is currently underway to investigate outcomes
in CGM-naïve patients, as well as those transitioning from MDI - see it here (goal of n=1,000 participants).
He expects the next round of post-market studies to focus on patients with a higher baseline A1c (baseline A1c
in the pediatric pivotal was 7.9%). The seven-site, three-month 670G study (n=50) in children ages 2-6 is still
ongoing.

Oral Presentation: Effects of Exercise on Metabolic Health in Type 1 and
Type 2 Diabetes (With ADA Presidents' Select Abstract)

Reducing Basal Insulin 90 Minutes Before Exercise Protects Against
Hypoglycemia Better than Insulin Suspension at Exercise Onset in T1D-The
OmniTIME Results

Dessi Zaharieva (York University, Toronto, Canada)

York University's Ms. Dessi Zaharieva presented the results of the OmniTIME study (Omnipod Type 1
diabetes Insulin Management & Exercise), which demonstrated that reducing basal insulin delivery from the
Omnipod by 50%-80% 90 minutes before aerobic exercise better protects against hypoglycemia than pump
suspension at exercise onset in 17 type 1s - no surprise there, given the lag time in insulin action! The
OmniTIME study compared hypoglycemia during prolonged steady state exercise and in recovery using three
different basal insulin reduction strategies: (i) pump suspension at exercise start; (ii) 50% basal insulin
reduction, set 90 min pre-exercise; and (iii) 80% basal insulin reduction, set 90 min pre-exercise. Study
participants were individuals with type 1 diabetes (n=17; mean A1c 6.5%; mean age 35 years; mean BMI 25
kg/m ; mean diabetes duration 14 years), who were on Insulet's Omnipod (12 aspart and 5 lispro users). Over2

the course of the study, there was one hypoglycemic event each in the 80% and 50% basal reduction groups
vs. seven in the pump suspension group. Mean change in blood glucose from start to end of exercise was -31
mg/dl (80% basal reduction) vs. -47 mg/dl (50% basal reduction) vs. -67 mg/dl (pump suspension). Ms.
Zaharieva highlighted that the greatest drop in glycemia occurred with pump suspension at the start of
exercise, with 41% of the group experiencing hypoglycemia. All three groups evaded drastic overnight lows -
the participants' diabetes seemed to be fairly well-managed at baseline, so it's possible that they had enough
experience with post-exercise nights to prevent excess insulin dosing. These results are largely confirmatory
in our view, and the real key is translating them into widespread clinical practice. Of course, the effect of
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exercise on glucose levels is highly variable between individuals and within a given individual, where
duration, intensity, environment, previous sleep, and other factors should be taken into account. What may be
most important is to equip patients and HCPs with guidance on how to define their own exercise dosing
strategies. (See Chapter 3 of Adam's book, Bright Spots & Landmines for more on this topic.)

▪ Ms. Zaharieva, now a PhD student at York, knows a bit about exercising with type 1
diabetes - she won a bronze medal in Taekwondo at the World Championships in
2013! Check out Insulin Nation's profile of her here!

Questions and Answers

Q: Did you look at fatty acids?

A: No, we didn't, but it's something we want to monitor.

Q: How do you see this evolving in the future? Are you hoping to have larger studies from
which you can draw recommendations?

A: Yes, future research really needs to focus on this area. Exercise has not been focused on enough in type 1
diabetes. With closed loop systems now, we need to better address these issues in exercise. We're seeing that it
takes a long time to reduce insulin and it's important to prevent that drop leading to hypoglycemia. So this
could be a potential area to look at with new closed loop systems. I live with type 1 diabetes, and I know a lot
of people are scared of exercise. We need to get it out there that exercise is possible and that we just need to
do more planning.

Q: I was struck by the individual variability. You had one patient that had hypoglycemia no
matter what you did. Any correlations as to why that person was like that?

A: We haven't looked at that one participant individually. But if you experienced hypoglycemia in all three
conditions, you may have had too much basal insulin. This just shows we can't make a blanket statement for
type 1 diabetes. There needs to be individualized change to make it work.

Q: Did you select the participants before?

A: No, it was randomized. We recruited based on flyers.

Q: I wonder if any patients supplemented carbs?

A: There's always the option of carb supplementation. We've looked at ways of how to prevent hypoglycemia
without carb addition. In pump suspension, it looks like additional carbs would be necessary.

Posters

OneTouch Via (Calibra Finesse): Comparing Patch vs. Pen Bolus Insulin Delivery
in Type 2 Diabetes Using Continuous Glucose Monitoring Metrics and Profiles
(73-LB); Optimizing Basal-Bolus Therapy in T2D: A Randomized Controlled Trial
Comparing Bolus Insulin Delivery Using an Insulin Patch vs. an Insulin Pen
(987-P); User- and Healthcare Provider-Reported Outcomes for a Wearable Bolus
Insulin Delivery Patch (995-P)

ML Johnson et al.; RM Bergenstal et al.; M Peyrot et al.

A highly-anticipated trio of posters evaluating J&J's OneTouch Via (three-day patch insulin bolus delivery
device) vs. pen bolus delivery (Novo Nordisk's FlexPen) in a 62-center, 44-week RCT of type 2s (n=278 with
A1c ≥7.5%) ended with very positive results for both groups in terms of A1c outcomes and particularly positive
(and better) results for Via group. Both groups experienced similarly robust reductions in A1c (~1.6%-1.7%
drops!), but patients and providers alike preferred Via over the pen for implementing basal-bolus therapy,
suggesting that the "wearable pen" device, which allows for simplified training and discreet insulin delivery,
may well drive greater adherence in the real-world setting. Patients were randomized to use either OneTouch
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Via or the FlexPen when advancing to mealtime insulin, and all used a pattern-based logbook, which
combined SMBG values with a simple insulin adjustment algorithm. Initial evaluation lasted for 44 weeks,
after which the participants "crossed over" to the opposite therapy for four weeks. During a baseline period
and prior to study visits at weeks 4, 12, 24, 36, and 44, participants recorded three days of 7-point SMBG
values, and phone calls with subjects were conducted with patients five times during the first eight weeks to
assist with self-titration. A CGM sub-study with Dexcom G4 Platinum was performed in 96 of the participants
for seven days at baseline and again for seven days between weeks 22 to 24. Top-line, 44-week results showed
that A1c decreases were significant in both groups, but not significantly different from each other: the FlexPen
group saw their A1c drop an average of 1.7% (baseline: 8.7%) while those on Via saw A1c drop an average of
1.6% (baseline: 8.6%). In both groups, all of the improvement in A1c came in the first 24 weeks, then leveled
off at ~7.0% (~83% of the reduction came by week 12), which is certainly a great result coming from an A1c
over 8.5%. Both groups also saw significant reductions in fasting plasma glucose at 44 weeks (roughly -20
mg/dl from baseline of ~160-170 mg/dl), as well as significant reductions in 7-point SMBG (see below). In
both groups, mean glucose decreased from ~200 mg/dl to ~140 mg/dl and TDD increased from ~50 units to
~130-140 units in both groups (they were under-insulinized, given the high baseline A1c to start). The only
reported SMBG metric that significantly differed between the two study arms was coefficient of variation (CV)
of mean daily blood glucose between days (an unconventional metric - not the same as within-day CV on AGP
reports); both groups started at ~10.5%, and the Via group's decreased to 9.4%, while the FlexPen group's
increased to 12% (p=0.02). There were no significant differences in hypoglycemia (defined as blood glucose
≤70 mg/dl), though at night, the pen group reported 74 episodes vs. 60 episodes in the Via group (NS,
p=0.09). If anything, the study shows a very robust A1c reduction in both groups, but the edge goes by far to
OneTouch Via in terms of patient and provider preferences (see below), particularly given that we know that
insulin pen use tends to be far better in randomized controlled trial vs. real-world settings. While it was
remarkable how well the FlexPen group did, we imagine lots of this stems from the randomized controlled
trial setting - far better than we'd see in real-world use. What this also just reinforces to us is that insulin
dosing is complicated and that having "real" input by HCPs is also probably really useful. Dosing this drug is
really challenging in any setting, however, and we'd also so excited to see Via used with smart, adaptive dosing
algorithms.
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▪ For those in the IDC-run CGM sub-study (n=96), the story was the same at week 24:
Both groups saw significant decreases in A1c, time in 70-180 mg/dl, alongside a
significant increase in time <70 mg/dl, but none of the between group differences
were significant. As a preliminary note, we assume that the G4 Platinum was used in its
retrospective, blinded mode, but are not 100% sure. Based on the CGM metrics, both groups
benefited tremendously by week 24 from just being randomized in the study, as demonstrated in the
AGPs below (flatter, narrower, and more in-range!): In the Via group, time 70-180 mg/dl increased
by 6.2 hours/day (48%->74%), time >180 mg/dl decreased by 7.2 hours/day (50%->21%), and time
>250 mg/dl shrunk an impressive three hours/day! Variability, measured by standard deviation,
decreased from 53 to 46 mg/dl (though when converted to coefficient of variation, it actually
increased from 29% to 33%, which is still very stable). OneTouch Via increased hypoglycemia, as
time <70 mg/dl and <54 mg/dl increased by a fairly large 50 minutes/day (1%->5%) and 13
minutes/day (0.2%->1.1%), respectively. The outcomes in the pen group were almost identical: Time
70-180 mg/dl increased by 7.9 hours/day (42%->75%), time >180 mg/dl decreased by 8.9 hours/
day (57%->20%), and time >250 mg/dl shrunk by 4.5 hours/day! Variability, measured by standard
deviation, decreased from 54 to 45 mg/dl (though again, when converted to coefficient of variation,
it increased from 27% to 32%). For hypoglycemia, time <70 mg/dl and <54 mg/dl increased by 1
hour/day (1%->5%) and 14 minutes/day (0.2%->1.2%), respectively.

▪ Subjective reports from the full study population were almost invariably in favor of
the OneTouch Via over the FlexPen, from both patients and providers. At 24 weeks,
patch users were significantly more satisfied overall, particularly with the device's ease of use.
Relative to the pen group, they also reported improved discretion, lack of pain, ability to do things
"spur of the moment," social comfort, having insulin on them always, and likelihood of
recommending. At 44 weeks however, they didn't feel that they were more confident, had more
peace of mind about managing diabetes, could fit diabetes management into their lives, or were
taking positive steps with diabetes management relative to the pen group managing insulin - this is
surprising to see, as we would have guessed a stronger response on these. Regarding quality of life,
daily functions and diet restrictions were rated more highly in the patch group. In the subject
preference survey - since both groups got to use both devices for at least four weeks - every response
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from both groups was significant in favor the patch (e.g., people felt more satisfied with the patch,
preferred it, had to carry fewer supplies around, felt more freedom, and would recommend it over
the pen). Both groups also said they wanted to switch from the pen to the patch, but the group that
used the patch for 44 weeks followed by four weeks of the pen were significantly more likely to
endorse this statement than was the group that used the pen for 44 weeks followed by the patch for
four.

◦ One of the most important findings from the study, in our view, is that 91% of
providers preferred the OneTouch Via over pens to advance type 2 patients
from basal to basal-bolus insulin. In their survey, they endorsed that the device
helped them transition patients to basal-bolus faster, facilitated a more gratifying
relationship with the patient (though not reflected in the patient survey), will help
overcome barriers to initiation, is easy to use and train. They also endorsed that they
would prescribe the patch for MDI patients both at and not at goal. This was not a blinded
study, so we acknowledge that there may be a bit of "whiz-bang" at play here - "wow, look
how cool this device is, if I had diabetes I would love it!" or "this is a new device, I'm
supposed to prefer it." Still, getting providers on board, particularly with the endorsements
that it is easy to train and could reduce clinical inertia, would do wonders for driving
adoption in the type 2 insulin delivery device field.

◦ With the connected pen market just beginning to ramp, we do wonder how
the equation would've changed for both providers and patients if the
comparator arm had been a smart pen/pen cap (same goes for overall
glycemic outcomes). Might providers take the potentially-heightened hassle of a pen if
they were able to view a patient's mealtime insulin dosing behavior? Would that lead to
more productive conversations and the ability to better support patients with titration and
between visits? Of course, OneTouch Via could eventually have connectivity built in,
though the beauty of the device is its simplicity (the only user interface is the buttons for
bolusing) and its small, flat on-body profile - neither of those should be significantly
compromised!

▪ OneTouch Via and Calibra Medical (manufacturer) are still part of J&J, though the
company continues to pursue strategic options for it. We doubt that the device will remain
as J&J's standalone diabetes care offering, since J&J accepted Platinum Equity's offer to acquire
LifeScan for ~$2.1 billion earlier in June. We consider Via to have strong potential and the results
from this study have very positive notes. The question remains, who could buy OneTouch Via? An
insulin company could be a great fit - imagine a pre-filled? It would also make sense for a company
like BD, Medtronic, or even Insulet to swoop in to add to bolster its insulin injection/delivery
portfolio.

Safety and Performance of the Omnipod Hybrid Closed-Loop System in
Adolescents (1376-P) and Children 6-12 Years (1377-P) with Type 1 Diabetes over
Five Days Under Free-Living Conditions

Jennifer Sherr, Gregory P. Forlenza, Bruce Buckingham, Thomas A. Peyser, Joon Bok Lee,
Jason B. Oconnor, Bonnie Dumais, Lauren M. Huyett, Jennifer E. Layne, Trang T. Ly, New
Haven, CT, Aurora, CO, Palo Alto, CA, Billerica, MA

In tandem with adult data presented as an oral (207-OR; see above), Insulet presented these two compelling
posters testing the Omnipod Horizon hybrid closed loop in 6-12 year olds (n=15; mean age: 10 years; baseline
A1c: 8%) and adolescents (n=10; mean age: 14 years; baseline A1c: 8.2%). Both showed very impressive
3-4-hour/day improvements in time-in-range (!) and two-hour/day reductions in time >250 mg/dl, reflecting
far more hyperglycemia in both age groups vs. the adult study. The studies compared 96 hours of free-living
hybrid closed loop (tablet computer, Omnipod, Dexcom G4 Share CGM) to seven days of patients' standard
therapy (24% MDI, 76% pump). Meals were unrestricted (manual boluses, per usual care), and participants
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were encouraged to take part in at least 30 minutes of moderate physical activity per day. Overall, the
outcomes remain very strong and should hopefully encourage Insulet to push fast towards a pivotal study!

▪ In n=10 adolescents, Horizon drove a remarkable +4.4 hour/day improvement in the
range of 70-180 mg/dl (79% vs. 61%, p=0.01), four fewer hours per day >180 mg/dl (18.5% vs.
35%, p=0.02), a tremendous two-hour/day reduction in time >250 mg/dl (3.5% vs. 12%, p=0.02),
and a non-significant 43% reduction in time <70 mg/dl (-27 mins/day: 2.5% vs. 4.4%, p=0.32).
Mean glucose also declined 19 mg/dl - from 163 mg/dl on open loop to 144 mg/dl on closed loop -
though the small sample size meant this barely missed statistical significance (p=0.08). Overnight
glucose outcomes looked even better, with an even larger differential on all time-in-ranges (<70,
70-180, and >180) - see the first two pictures below. Wow! Adolescent participants were in closed
loop for an average 98.5% of the time - very strong considering use of the investigational study
devices. We are noticing extremely high "time in closed loop" with Insulet and wonder if that has
more to do with the wearability of Insulet's tubeless Omnipod or just strong Bluetooth
communication in these hotel studies. Average meal size was 57 grams of carbs (max: 150 grams!);
average exercise duration was 66 minutes/session (n=40); and participants increased the target to
150 mg/dl prior to ~1/3 of exercise sessions.

▪ In 6-12 year olds (n=15), Horizon similarly drove a massive +3.4 hour/day
improvement in the range of 70-180 mg/dl (69% vs. 55%, p=0.003), three fewer hours per
day >180 mg/dl (29% vs. 42%, p=0.007), a tremendous two-hour/day reduction in time >250 mg/dl
(9% vs. 18%, p=0.03), and a non-significant 24% reduction in time <70 mg/dl (2.2% vs. 2.9%,
p=0.23 - even if non-significant, it is still ten minutes a day!). Mean glucose declined a striking 22
mg/dl - from 178 mg/dl on open loop to 156 mg/dl on closed loop (p=0.02). Overnight glucose
outcomes looked just as good as the 24-hour outcomes - see the second third and fourth pictures
below. Similar to the adolescent data, participants were in closed loop for an average 98.3% of the
time. Average meal size was 58 grams of carbs (max: 186 grams!); average exercise duration was 68
minutes/session (n=61); and participants increased the target to 150 mg/dl prior to 43% of exercise
sessions. This is very strong hybrid closed loop performance in a very young population!

Adolescent Data:
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6-12 Year Old Data:
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Artificial Pancreas with Glucose Prediction Trust Index Improves Time in Target
Glucose Range vs. Sensor-Augmented Pump Therapy (961-P)

JE Pinsker, AJ Laguna-Sanz, MM Church, JB Lee, LE Lindsey, C Andre, FJ Doyle, E Dassau

A Sansum/Harvard proof of concept clinical study found the addition of a trust index enhanced controller
responsiveness to hyperglycemia and hypoglycemia during a 48-hour artificial pancreas session (88% time in
range). The trust index essentially compares in real time how past artificial pancreas model predictions have
differed from the measured CGM at each time point. Based on the generated prediction errors, either a high
or low trust index is calculated, which modulates the intensity of the controller's suggested insulin delivery. In
hyperglycemia, a high trust index triggers the controller to deliver insulin more aggressively, whereas a low
trust index causes the controller to pull back and deliver a more moderate dose. Likewise, during
hypoglycemia, a high trust index allows the controller to reduce insulin delivery, with some basal insulin
permitted if excursions are small and/or the predicted glucose is rising, whereas a low trust index results in
pump suspension. Participants (n=15) underwent a one-week run-in phase with sensor augmented pump
therapy, followed by a 48-hour artificial pancreas session with the addition of the trust index (Dexcom G4
CGM and Omnipod pump) in a supervised environment. Time-in-range (70-180 mg/dl) significantly
increased from 75% to an impressive 88% (+3.2 hours/day) and time <70 mg/dl decreased significantly from
8% to 2% (-1.5 hours). Variability as measured by SD and CV also significantly decreased. Time >180 mg/dl
increased, but the differences were not statistically significant. Overnight results showed similar
improvements in time-in-range and time <70 mg/dl. Overnight reductions in time >180 mg/dl were also
significant, halving from 17% to just 8%. Impressively, these improvements were achieved even in the setting
of one hour of unannounced exercise. This was the very first proof of concept study to evaluate use of the trust
index, and results clearly demonstrated a serious benefit over SAP. We'd love to see what kind of benefit this
enhancement provides over the non-trust-index algorithm itself in a standard hybrid closed loop system.
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Harvard's Dr. Frank Doyle III (a co-author of the poster) referenced this study during a presentation at ATTD
- at the time, Dr. Doyle claimed that the impressive 88% time-in-range may set a "new high water mark" for
his own work. We agree! We'd add that the SAP arm was doing extremely well at baseline in this study - 75%
time-in-range, mean glucose of 135 mg/dl - so this study could highly underestimate the differential between
the enhanced algorithm and standard of care.

Assessment of Infusion Set Survival of the Newly Developed Lantern Catheter in
Type 1 Diabetes by Glucose Clamp Technique (89-LB)

A Ajsic, M Krasser, R Juliussen, P Schøndorff, M Heschel, T Póttier, T Augustin, T Pieber, G
Treiber, and J Mader

In an important next-gen infusion set study, 16 type 1s wore Unomedical's novel Lantern catheter set for
seven days safely, though with a trend toward reduced insulin action and more hyperglycemia over time. We
first saw the Lantern catheter at ATTD 2017 and again at ATTD 2018. The catheter includes several slits along
the side to allow insulin to flow out of multiple places (e.g., for occlusion or kinking), and in new news, a next-
gen version of Lantern was tested here with a "coating" to suppress the body's foreign body response over
seven days of wear. Euglycemic clamps were performed on days 1, 4, and 7 of Lantern infusion set wear
following a subcutaneous bolus of 0.15 u/kg Humalog and compared to the same clamp on day 1 wear with a
"standard infusion set. In the clamp studies, max glucose infusion rate was the same in the control and across
days of Lantern use, but the differences appeared in time to max glucose infusion rate and area under glucose
infusion curve (from 0->240 minutes). On days 1, 4, and 7, the time to max glucose infusion rate was ~111
minutes, ~57 minutes, and ~49 minutes respectively, indicating a progressively faster time to peak insulin
action as length of wear increased (i.e., faster PK/PD). However, area under the curve from 0 to 240 minutes
decreased from ~804 mg/kg (day 1) to ~799 mg/kg (day 4) and to ~596 mg/kg (day 7), indicating lower
overall insulin action/glucose lowering over time. Indeed, the poster indicates a doubling in hyperglycemia as
the study went on: median time >180 mg/dl was 20% on day 3, 36% on day 6, and 40% on day 7. It will be
interesting to see if similar outcomes are seen in a larger scale trial under routine conditions - especially as
Unomedical does a closed-loop study where a basal modulation system could theoretically adapt to the
hyperglycemia. But if there is a tradeoff of more hyperglycemia and more insulin use by day 7, that will need
to be considered carefully against the merits of longer wear. Extended wear is a holy grail for infusion sets, as
it would greatly reduce the burden associated with pumping insulin and also open the door to a CGM-infusion
set combo device that lasts up to seven days. (Medtronic hopes to launch such a set after April 2020, per its
2018 Analyst meeting.)

▪ This poster brought the first news that Unomedical has two versions of Lantern in
development: (i) the original one we've seen at the past two ATTD's, which has the addition of slits
to a standard soft catheter for three-day wear; and (ii) "Coated Lantern," which includes the slits
along with the coating to enable extended wear.
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▪ Lantern aims to address catheter occlusion, bending, and kinking via multiple slits on
the side. For comparison, BD/Medtronic's MiniMed Pro-set with FlowSmart has a single hole on
the side to address occlusion, but encountered turbulence during its limited launch, and it's unclear
when it will be re-deployed. Last we heard a year ago, the set was slated to launch by September
2018, but we suspect this date may have been pushed back as the Pro-set was notably absent from
1Q18 and 2Q18 calls.

Time profiles of intravenous glucose infusion rates following a bolus of insulin lispro (0.15 IU/
kg) administered with coated infusion set with Lantern Technology on Day 1, 4, and 7 of wear

Three OpenAPS Posters: "Autosensitivity" Feature (79-LB); OpenAPS in Korea
(964-P); OpenAPS in Italy (993-P)

D Lewis et al. (79-LB); SB Choi et al. (964-P); V Provenzano et al (993-P).

The DIY diabetes community definitely had a stronger presence at this year's ADA: with the first-ever ADA
DIY symposium (see below) plus an OpenAPS oral presentation (see above) and three OpenAPS posters, the
trailblazing community is finally sharing its outcomes and features more publicly. A poster (79-LB) co-
authored by Ms. Dana Lewis and Scott Leibrand showed the benefits of a new OpenAPS feature, Autosens,
which allows for real-time assessment of insulin sensitivity factor (ISF) and glycemic targets using the past 24
hours of data. The feature analyzes CGM data, comparing observed glucose changes to expected impact from
insulin; the goal is to identify if a person's sensitivity has changed (e.g., unexpected insulin resistance). In this
analysis, Autosens was run retrospectively on a cohort of 16 individuals using OpenAPS (13 adults and 3
children <18 years) and identified one individual who tended towards insulin sensitivity and three individuals
who tended towards insulin resistance. In other words, Autosens could be used for some meaningful real-time
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adjustments of insulin dosing - e.g., making an algorithm more aggressive when insulin resistance is
observed. Of course, the feature could also be used in a retrospective analysis to understand patterns of
changes. The authors suggested using the method to further explore the following areas: (i) growth/hormone-
related sensitivity changes; (ii) circadian profiles and monthly variation; and (iii) the effects of insulin pump
site changes. We love how the DIY community continues to be ruthless in its efforts to innovate, truly setting a
new standard for the pace of algorithm improvement. These next-gen approaches could certainly make closed
loop algorithms much more adaptive and personalized, changing with users' insulin needs over time.

▪ We were also pleased to see two posters demonstrating the benefits of OpenAPS in
international populations - one in Korea (964-P) and one in Italy (993-P). In the Korean
poster, three months on OpenAPS (Dexcom G5 CGM with open protocol Sooil Dana R pump) drove
notable outcomes in nine participants: time-in-range increased from 70% to 83% (+3.2 hours/day;
p<0.001), time <70 mg/dl decreased from 5% to 3% (-24 minutes/day; p<0.004), time >180 mg/dl
decreased from 25% to 13% (-2.7 hours; p<0.001), and a A1c dropped by 0.5% (baseline: 6.8%;
p<0.001). Glycemic indices were also recorded for 13 patients over 3-6 months, showing 82% time-
in-range, 5% time <70 mg/dl, and 14% time >180 mg/dl. Nice! The Italian poster (n=29) was
similarly impressive: time-in-range increased from 69% to 86% (+4.1 hours/day; p<0.05), time <70
mg/dl decreased from 9% to 3% (-1.4 hours/day!; p<0.05), and A1c decreased by 0.9% (baseline:
7.2%; p<0.01). Time >180 mg/dl was halved from 22% to 11%, but was not found to be significant;
clearly hypoglycemia was the key issue in this group. No adverse events were recorded. The poster
does not provide details on the length of the follow-up period - still, the dramatic decrease in
hypoglycemia alone makes a very compelling case for OpenAPS.

Late and Missed Meal Boluses with Multiple Daily Insulin Injections (992-P)

L Norlander, L Ekhlaspour, B Buckingham, L Hsu, S Loebner, G O'Malley, C Levy, D Lam, S
Ogyaadu, S Anderson, J Robic, M Breton

A Stanford/UVA/Mt. Sinai poster showed that adults and adolescents (n=24) using smart pens in a study
regularly miss or are late with mealtime boluses. While previously this kind of data would have been rendered
largely "invisible," the combo of CGM (Dexcom G5) and connected pens (Novo Nordisk NovoPen Echo Plus or
NovoPen 5 Plus) helped investigators fill in the gaps in insulin dose history. Seven days of data were analyzed
upon initiation of the devices followed by an additional seven days one month later. 1,173 meals in total were
evaluated, identified by either the subject manually recording the meal through the TypeZero InControl
Decision Support System app, or if the CGM read >70 mg/dl and there was a >70 mg/dl rise within two
hours. A late meal bolus was defined when CGM increased >50 mg/dl from baseline prior to the insulin dose,
and a missed meal bolus was defined by no insulin dose within two hours before the start of the CGM rise (see
picture below). In total, 27% of meals had either a late or missed meal bolus, with 13% of total meals
accompanied by a late bolus, and 14% of total meals with no bolus whatsoever. We're willing to be that the
rates of missed or late boluses in the general population - particularly when type 2 is included - may be higher
than in this study. Importantly, although not surprisingly, there was a positive correlation between the
percentage of missed meal boluses and A1c levels (p=0.02); there was no significant correlation between late
boluses and A1c. It would be interesting to calculate how many missed/late boluses it would require for an
individual to have any given A1c - this data was not provided, but has been shared in publications on pumps
(Burdick et al., Pediatrics 2004). We'd also be fascinated to see how missed boluses affect other outcomes like
time-in-range and PROs like diabetes distress and treatment satisfaction. No significant differences were
observed when comparing results between the first and last weeks of the study. We think this is an incredibly
important trial, clearly demonstrating the value of connected pens and digital dose capture for injection users.
Hopefully, as more connected pens launch, MDI data will facilitate more informed conversations between
providers and patients and drive more efficient/effective insulin use.
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Trends in Insulin Pen Priming (83-LB)

G O'Malley, S Ogyaadu, D Lam, L Norlander, J Robic, C Levister, S Anderson, L Hsu, S Lobner,
L Ekhlaspour, M Breton, B Buckingham, C Levy

A study conducted by Icahn School of Medicine, UVA, and Stanford used the NovoPen 5 and NovoPen Echo to
find that the frequency of insulin pen priming varies substantially among patients with type 1 diabetes (n=25).
16,135 pen records spanning 76 days of pen use per patient were analyzed and revealed that a surprisingly
high 80% of overall injections were accompanied with a prime; however, the range of frequencies was quite
large, varying from 2% to 99%. As evidenced below, priming frequencies were not evenly distributed - patients
tended to either prime the majority of the time or very infrequently. Percentage of missed priming appeared
to correlate with male gender and younger age (a statistical analysis was not provided) but did not correlate
with A1c. Zooming out, this study highlights another valuable aspect of connected pens and dose capture,
supplementing the poster above (where 27% of meals were accompanied by a late or missed bolus). Such data
could be extremely informative in enhancing patient education and treatment, as well as in fostering useful
discussion between providers and patients.
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Functionality Evaluation of Investigational Continuous Subcutaneous Insulin
Infusion (CSII) Set vs. Commercially Available Sets-Assessment of 3D Volume and
Surface Area over Eight Days (980-P)

D Diaz, A Dinesen, A Khalf, G Eisler, C Loeum, M Torjman, P Strasma, and J Joseph

This swine study from Capillary Biomedical shows greater diffusion of a bolus of insulin + contrast agent with
its prototype extended wear infusion set ("soft polymer material with multiple ports") compared to
commercially-available sets. All sets were inserted into the subcutaneous tissue of swine every other day for
eight days - 70 ul of insulin and contrast were infused through each cannula five minutes prior to excision,
when the specimens were frozen and imaged with Micro-CT (X-ray microtomography). Based on these in vivo
animal results, the boluses delivered by investigational sets had both larger surface area and volume than the
other sets. The authors suggest this result could translate to more consistent insulin absorption over time by
reaching more vessels - the results have guided the design and development of a next-gen commercial
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infusion set. As a reminder, this research received a $1.5 million grant from JDRF in 2016 - at the time,
Capillary Biomedical was targeting a first commercial device by 2020. Given how long it took BD to develop
FlowSmart (MiniMed Pro-set) - which still hasn't relaunched - this timing could be ambitious. In addition to
the sprinkler-like multi-port design and extended wear, the set should have atraumatic insertion. Previously
heating/vibration were expected, but we'd be surprised to see them in a commercially-viable product. We look
forward to seeing longevity and PK/PD studies in humans.

Glucose Control Using a Standard vs. an Enhanced Hybrid Closed-Loop System: A
Pilot Study (986-P)

B Paldus, MH Lee, HM Jones, SA McAuley, JC Horsburgh, KL Roem, GM Ward, RJ MacIsaac,
N Cohen, PG Colman, AJ Jenkins, DN O'Neal

An Australian randomized crossover study (n=11) found that an enhanced version of the Medtronic MiniMed
670G with "enhanced correction insulin bolus reminders and modifications broadening insulin delivery
parameters" reduced the number of alerts and closed-loop exits in pump-experienced type 1 adults, while also
achieving non-significant improvements in time-in-range and average glucose. Type 1 adults were assigned
standard- and enhanced-HCL systems in random order for one week each (with one week washout in
between) in a supervised hotel setting. Challenges included two missed meal boluses, two high-glycemic index
and two high-fat meals, and 40-minutes of moderate exercise. Alerts significantly decreased (nearly halved!)
with enhanced-HCL (3.9 per week compared to 8.6, p = 0.01), and auto-mode exits decreased from 3.5 per
week to none (n = 0.004). Importantly, such refinements did not come at the expense of glycemic outcomes.
Time-in-range (70-180 mg/dl) was greater with enhanced-HCL than standard-HCL by one-hour per day (74%
vs. 69%), although the difference was not statistically significant. Mean sensor glucose also improved with the
enhanced-HCL, but again the differences were not significant (151 mg/dl vs. 160 mg/dl). There were no severe
hypoglycemia or DKA events in either arm. Time <70 mg/dl (1.2% vs. 1.9%), time >180 mg/dl (24% vs. 29%),
and time in auto mode (98.5% vs. 96.9%) all favored enhanced-HCL, though again not significantly. As the
poster notes, this was an exploratory study with multiple challenges not powered to detect such differences.
Accordingly, the glycemic, time in auto mode, and auto mode exit figures also can't be compared to those seen
in the real world. All participants expressed a preference for the enhanced-HCL during standardized
interviews at study completion. Given that many 670G users cite copious alerts and closed-loop exits as
primary sources of frustration, we believe the enhanced-HCL would be welcomed with open arms and also
improve outcomes across the population of Medtronic hybrid closed loop customers.

▪ We're not sure if this "enhanced-HCL" system is the same as the next-gen hybrid
closed loop with DreaMed and automatic corrections boluses. At Keystone, Medtronic
Diabetes Global CMO Dr. Fran Kaufman laid out goals for this future system (2+ years away): (i)
Keeping people in closed loop 100% of the time; (ii) >80% time-in-range without changing the
hypoglycemia profile in any significant way; (iii) lower target, both overall (currently 120 mg/dl in
670G) and for corrections of elevated glucose (corrections not allowed below 150 mg/dl in 670G);
(iv) improving the meal experience (perhaps a simple meal announcement with no carb counting -
"it'll give you a little bolus and you'll be on your way," said the lead 670G engineer - sounds like the
Beta Bionics iLet system); and (v) constraints on time in maximum and minimum basal dose
extended (in 670G, 4 hours at maximum basal dose or 2.5 hours at no insulin leads to a likely exit
from auto mode - right at the times when Auto Mode is most needed!).

Effect of Medicare (CMS) Insulin Pump Policies in T1D (974-P)

N Argento, J Liu, A Hickey, E Gautschi, A Mcauliffe-Fogarty

According to a T1D exchange survey, 59% of type 1 Medicare beneficiary insulin pump users (n=241) found
their experience with Medicare to be worse or much worse than their experience with commercial insurance.
Current Medicare policy requires that patients on insulin pumps have face-to-face visits with clinicians every
quarter in order to continue receiving pump consumables. 56% reported that they had difficulties getting
supplies, and 39% reported that they had changed some of their pump-related behaviors as a result of the
Medicare policy. The most common issues for patients on Medicare-funded insulin pumps were delays in
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receiving supplies (reported by 30% of respondents), difficulty with paperwork (24%), problems scheduling a
face-to-face visit with a provider every three months (18%), and difficulties informing suppliers that they had
been seen for their face-to-face visit (11%). Of the 39% of respondents who reported that they changed their
pump related behaviors due to Medicare policies, nearly half reported they had more erratic blood sugar
(48%), increased anxiety or frustration (44%), or higher blood sugars (42%). Others reported more pain or
irritation at sites (34%) and more scarring of sites (28%) - presumably related to extended set wear - more
hypoglycemia (17%), and 15% were forced to receive emergency supplies from a local source. A similar poster
from ADA 2017 from Drs. Nicholas Argento and Anne Peters suggested that the quarterly visits may be
detrimental to patient safety. We'll quote that same coverage from a year ago: "…it may be time for CMS to
reconsider the quarterly visit policy for pump users." To, this is a perfect opportunity for telemedicine to step
in, particularly as the current administration's CMS seems to be growing more comfortable with the idea of
reimbursing providers for remote visits (see recent proposed Medicare Physician Fee Schedule).

Symposium: The Diabetes Do-It-Yourself (DIY) Revolution

The Diabetes DIY Technology Revolution-How Patients Are Changing the
Innovation Pipeline and Care

Jason Wittmer, MD (Mercy Medical Center, Des Moines, IA)

In a persuasive, passionate talk, Dr Jason Wittmer shared his family's personal experience with OpenAPS and
urged industry to learn from the Do-It-Yourself (DIY) community - "Industry and DIY don't have to stand on
opposite sides of the street." We loved his reflection on the history of CGM remote monitoring in 2013-2014 -
at the time, the DIY community had developed Nightscout (John Costik), which ultimately pushed industry
and FDA to approved remote monitoring solutions like Dexcom Share. Now in 2018, Dr. Wittmer believes
that commercial hybrid closed loop (e.g., MiniMed 670G) is at a similar point as CGM remote monitoring was
in 2014 - the DIY community, through OpenAPS and Loop, is years ahead of industry products. Indeed, Dr
Wittmer shared some of the impressive DIY hybrid closed loop enhancements available in OpenAPS and
Loop, including pump dosing directly from the phone and watch; engaging with the system through Siri,
Google Assistant, and Alexa; unannounced meal compensation; personalized blood glucose targets; blood
glucose predictions; Autosensitivity/ AutoTune (automatic analysis and adjustment of ISF, basal rates, carb
ratio); remote web app monitoring and adding carbs ("Oops, we forgot to bolus him for breakfast"); dynamic
carb absorption tracking (see below); incorporation of Fiasp's pharmacokinetics into algorithms; automated
exercise target setting using Google Calendar; and more! Dr. Wittmer, confirmed what we heard from SOOIL
at Diabetes Mine earlier at ADA: the company plans to submit to FDA with an open communication protocol
insulin pump, Dana RS - truly tailored for the DIY community with smartphone control. Dr. Wittmer said the
company hopes to have it available in the US "by this time next year," something we confirmed at SOOIL's
booth. Interestingly, he highlighted that SOOIL actually markets Dana RS outside the US as "compatible" with
DIY - an awesome point that open communication protocols may indeed give companies a competitive
marketing advantage. He made an impassioned plea for healthcare providers not to dismiss DIY systems as
"unsafe," since they are designed by patients and parents themselves (i.e., no one is more motivated for safety
than the creators of these systems!). We hope all industry players hear the call and engage in some way with
the DIY community - or at the very least, watch the systems from afar and learn what features to incorporate
into next-gen products! "Industry and DIY don't have to stand on opposite sides of the street," he noted, "A lot
of DIY diabetes is not motivated by trying to tinker with diabetes or program computers. We're doing it
because we have to do to serve an unmet need." Well said!

▪ In fourth grade (before OpenAPS), Dr. Wittmer's son visited the nurse 420 times
during the school year; in sixth grade (with OpenAPS), he has visited the nurse five
times - a 99% reduction! "This is life-changing stuff," he emphasized, based on the quality of life
improvements alone. Overall, his son has spent 85% of the past 152 days in 70-180 mg/dl. Dr.
Wittmer highlighted the OpenAPS Outcomes from ADA 2016, which were also headlined by
significantly improved sleep and time-in-range.
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▪ Interestingly, there are now multiple do-it-yourself CGM receiver apps: XDrip+
(Android) and Spike (iOS; shared at Diabetes Mine on Day #1 of ADA). These offer
wireless connections to the Dexcom CGM and FreeStyle Libre (if used with an added transmitter);
extend use of the G5 transmitter beyond the three-month hard shutoff; allow for data entry and
display; and add forward-looking predictive tools. DIY users have even developed technique to
replace their Dexcom transmitter's batteries, allowing for reuse. "These things cost a lot of money. I
have great insurance, but for people self-funding and paying out of pocket, that could be the
difference between having a CGM and not having one."
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The Data Behind DIY Diabetes-Opportunities for Collaboration and Ongoing
Research

Dana Lewis (OpenAPS, Seattle, WA)

OpenAPS founder Ms. Dana Lewis drew a big crowd in the BIG hall - and boy, did she not disappoint! In a
whirlwind talk, she described: (i) Diabeloop's use of OpenAPS features/settings; (ii) four tools created by the
DIY community (including the brand new OpenAPS Simulator, which allows patients to probe the effects of
behavioral/algorithm changes); (iii) the "OpenAPS Data Commons" (where patients can donate data and
researchers can use it for analyses - Stanford has already performed a machine learning study with it); and
more! This movement has come such a long way from the days when Ms. Lewis was simply hacking her
Dexcom to increase the volume of her alarm - or back in the day (2009) when she was a summer associate at
Close Concerns!

▪ Ms. Lewis got permission prior to the talk to divulge that Diabeloop will be
incorporating features inspired and at least partially designed by the OpenAPS
community in its second-generation closed loop, expected to begin rolling out in early
2019. One of the modules, a fallback setting for when the patient is kicked out of closed loop, was
"nearly copied and pasted" from OpenAPS, Diabeloop CEO Mr. Erik Huneker told us. The company
would also like to include a variant of OpenAPS' "eating soon" setting in the second-gen system (see
below; it ramps basal insulin 45-60 minutes before eating, getting some insulin in early). Notably, it
sounds like inclusion of these modules will only require an in silico study in Europe to demonstrate
safety. The first iteration of Diabeloop's automated insulin delivery system is still set to roll out in
France, the Netherlands, and Sweden in late 2018 - he would not yet tell us whether Cellnovo's,
Kaleido's, or both patch pumps would be used in the initial launch. To be clear, Diabeloop's primary
control algorithm is proprietary, not open source.

◦ Ms. Lewis also disclosed that she is a consultant with Tandem, Roche, Lilly
(pending), and willing to talk to more companies! We love to see the lines of
industry and patient-led innovation blur, and believe that user-centric settings like "eating
soon" could make a meaningful difference on the outcomes and burden fronts. We think as
many companies as possible who could speak to her as possible would be terrific.

◦ Also at ADA, SOOIL Korea announced plans to submit its smartphone-
controlled pump to the FDA/CE Mark with an open communication protocol.
Mr. Justin Walker also mentioned plans to register a version of the open source OpenAPS
algorithm, implying it could connect to the pump via an app.

▪ Continuing with the flow of new announcements, Ms. Lewis introduced a new study,
titled "OPEN" (Outcomes of Patients' Evidence, with Novel, DIY AP tech). The study is
supported by a grant from the EU Horizon 2020 RISE program, and will congregate an
international consortium of traditional- and patient-experts (from Ireland, Denmark, Germany, the
UK, Belgium, Australia, and the US). The description stresses knowledge-sharing and examination
of clinical and quality of life outcomes for real-world DIY closed loop users, as well as further
improvement of DIY automated insulin delivery technology and access. This study, along with an
observational data collection study spearheaded by Helmsley Charitable Trust and JDRF, should
help to legitimize the use of open source closed loop systems in the eyes of the clinical community,
and perhaps even make a case to FDA for safety/efficacy.

▪ Ms. Lewis described four tools created in the DIY community, led by the never-before-
seen OpenAPS simulator.

◦ The new OpenAPS simulator generates a "baseline" glycemic profile for
individuals, allows them to change preferences or the algorithm code ("What
if I…"), and then simulates outcomes vs. baseline. Specifically, users can take their
personal Nightscout URL and run "autotune" (below) on it. They then generate a baseline
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scenario and can ask any "what if..." question and observe the predicted effect on blood
glucose. For example, a patient could ask "what would happen to my glucose profile if I
didn't set a temp target prior to exercising?" or "what if I went from open loop with just a
CGM to DIY closed loop?" and receive an informed answer promptly. The biggest value of
the simulator in Ms. Lewis' mind is that it allows patients to make decisions about specific
behaviors in light of their probable consequences - "it empowers us." She provided two
real-world, n=1 case studies:

◦ In case #1, an adult enters carbs into his OpenAPS closed loop system,
but never boluses for meals - what would happen if he stopped
announcing the carbs? At baseline, he was spending ~90% time in-range,
with an estimated A1c of 5.7%. The simulator predicted that he would lose ~2
hours per day in-range (now ~81%), and his A1c would increase to 6.1% (+0.4%).
After seeing this projection, the man could decide whether those two extra hours
in-range every day are worth the tradeoff of having to continually enter carbs.
Now that is personalized medicine and informed decision making!

▪ In case #2, which was more of a validation, the simulation modeled expected
outcomes in a teen who doesn't announce meals or bolus. The actual outcomes are very
close to those simulated - see the figure below.
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▪ Dr. Boris Kovatchev described a similar tool called "digital twin" at EASD, though we're
not exactly sure how they are similar/different - .

▪ The "eating soon" mode aims for a smoother meal ride by dosing with a small amount
of insulin 45 minutes to an hour before eating. This is not a pre-bolus, but instead a way for
basal insulin to start ramping in preparation for a meal - the individual still takes a bolus at
mealtime. Ms. Lewis said that delivering a small amount of insulin before a meal "prepares" the liver
for the incoming food - this was corroborated by her sample glucose trace. The mechanism
underlying the liver's "preparation" is reportedly unknown, but Ms. Lewis hopes a researcher will
look at why and how well it works.

◦ "Autosensitivity"- allowing for real-time assessment of insulin sensitivity factor (ISF)
and glycemic targets using the past 24 hours of data - and "Autotune" - which
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recommends changes in basals, ISF, and carb ratio by drawing from a much larger
pool of data continue to improve through iteration. A late-breaker (see 79-LB above) from
Ms. Lewis et al. shows how the autosensitivity feature performs retrospectively on 16 pumpers' data
- it picks up on changes to insulin sensitivity that a standard pump would have missed.

◦ A DIYer wrote a script to track changes in treatment intensity. Pre-OpenAPS closed loop,
the module found that a family was performing 4.5 manual interventions (e.g., bolusing) per day; on
OpenAPS, several years later, they are performing just 0.7 per day. Assuming comparable or better
glycemic management, interventions per day is a really unique and effective way to look at diabetes
burden - leave it to the patient community!

▪ After receiving countless requests from healthcare providers for her DIY data, Ms.
Lewis devised a platform called "OpenAPS Data Commons" on Open Humans. The
brilliant philosophy behind the Commons is to allow DIY users to donate data if they want to, and to
allow researchers and members of the community to access and study it. The uploader simply takes
the user's NightScout URL, anonymizes data, and takes it into the data commons. 121 people have
joined so far. This could be an extraordinarily rich data set, with countless parameters recorded
from the hundreds (if not >1,000) DIY closed loopers in the world - as of the talk, Ms. Lewis
estimates that there are over 710 DIYers all over the world, amassing 5.2+ million real-world closed
loop hours. (We think this is probably a big underestimate, especially when Loop users are included
- that group is at least over 1,000 we believe!) In her words, "that's a lot of data. That's a lot of
knowledge." No kidding! Researchers interested in accessing the data need only fill out a request
form … and agree to two important stipulations: (i) Researchers have to share insights back with the
community (even if it's just "person #47 has frequent lows"; OpenAPS has an anonymous way to
message person #47 and tell her so she can address the lows); and (ii) If the researcher does publish
the data - hopefully in a timely manner - they will do so in an open manner. That means the
manuscript could be published open access, or a copy of it could be provided to the community. That
offer sounds tantalizing to data-hungry researchers, and it has already drawn a fair number who
have reached out, though many are unfamiliar with OpenAPS. Ms. Lewis observed that, just as
patients have a learning curve with OpenAPS, so do researchers who "may not be prepared to take
full advantage of the rich data available. We (OpenAPS) are happy to help you understand the
benefits and opportunities of using this data." She also realized that some researchers with different
skillsets (e.g., coding languages) may struggle to analyze the data, so she created open source tools to
help people use the data (on Github). She tied it all up with a single slide: "We have the data…will
you work with us?"

◦ Stanford has already leveraged the OpenAPS data commons to assess the
accuracy of a machine learning prediction models (pending publication). The
investigators used three weeks of data in January 2017 from 14 de-identified DIY closed
loopers. They then compared the glucose prediction accuracy of their machine learning
models against the actual glucose readings from the DIYers. Ms. Lewis did point out that
the comparison isn't quite apples to apples because OpenAPS actually acts on the
prediction every five minutes, but the ease of obtaining the OpenAPS data set clearly
makes the assessment worthwhile.

◦ Ms. Lewis astutely noted that the pace of OpenAPS data aggregation
presents a challenge for the traditional pace of academic studies. For
example, the Stanford machine learning study was completed in January 2017,
and it still hasn't been published. Since the analysis, the OpenAPS code on which
the publication is based has changed twice. This is why researchers are asked to
share findings with the community as soon as possible.

◦ Ms. Lewis listed other possible studies she'd like to see done with the
OpenAPS data commons: (i) variability in insulin sensitivity in youth at
different ages; (ii) assessment of sensitivity changes in pregnancy as well as other
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tools for managing insulin dosing during pregnancy; (iii) assessments of meal-
time strategies; and (iv) insulin sensitivity changes and dosing adjustments
around menstrual cycles. Talk about low-hanging fruits for data scientists looking
to pump out quick, meaningful publications!

▪ This isn't new news per se, but Ms. Lewis was introduced as a DIY patient innovator
and PI of a new Robert Wood Johnson Foundation grant. The project is titled "Learning to
not wait: Opening pathways for discovery, research, and innovation in health and healthcare," and
will entail creating a team of on-call data scientists to support research in the DIY community,
exploring barriers to this type of research, and more.

The Front Lines of DIY Diabetes - State of the State and Closing the Loop

Joyce Lee, MD (University of Michigan, Ann Arbor, MI)

In a rousing talk, University of Michigan's Dr. Joyce Lee acknowledged that safety and regulation are
important, and despite this, depicted graphically just how much the DIY community has accelerated the pace
of innovations. In the first figure below, the DIY community is above the timeline, while Dexcom, Tandem,
and Medtronic are below the timeline - from the image, it's fairly clear that since 2014, the DIY community
has outpaced industry in a meaningful way, and likely even driven it forward. The second chart shows new
Nightscout features over time: The user community has incorporated ~51 new features beyond "remote
monitoring" and is in its eighth major software rollout; meanwhile, Dexcom has incorporated 13 novel
features and five new platform rollouts in the same span. DIY is steps ahead industry and even driving
industry forward, though of course DIY is only meeting the needs of a small fraction of patients and mass
commercialization needs to be regulated and enable sustainable businesses. However, we were glad to see at
ADA greater industry recognition of the DIY community, in part through this symposium, and partially
through partnerships like those mentioned above (SOOIL, Diabeloop).
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▪ Dr. Lee outlined three lessons that we have learned from the DIY community: (i)
Individuals with diabetes and caregivers have expertise and increasing autonomy ("Individuals are
willing and ready and able to push the needle forward, as we've been a little complacent as to how
we're delivering care"); (ii) We can't ignore and/or underestimate the importance of social media for
supporting and creating health (There are now 55,000 NightScout users globally, and people in the
diabetes community seem to trust peers more so than providers for advice); and (iii) We must learn
from the DIY community about large-scale health production created through human cooperation
and collaboration ("Lots of contributions are being made, and unnoticed. You have a leadership
team, a support team, a core development team. The code piece gives a window into the value of
online collaboration and communication.")

▪ University of Michigan will be undertaking a project this summer using the OpenAPS
Data Commons focused on the relationship between a low carb diet and time-in-range.
Through the Data Commons, patients can donate data and researchers can use it for analyses. In
Adam's experience, low carb has been the number one way to maximize time-in-range - he generally
sees 75%-80% time in 70-140 mg/dl on Loop, and nearly 100% time in 70-180 mg/dl. (See his
diaTribe column on time-in-range for more on this front.) We're excited to see how these data turn
out. We do wonder how Dr. Lee and co. are going to track diet (retrospectively) - patient estimates of
carb counting entered into pumps? Manual tracking?

▪ Following the DIY talks, audience members including Drs. Lutz Heinemann, Kittie
Wyne, and Grazia Aleppo engaged with Dr. Lee, Ms. Dana Lewis, and the other
panelists about how providers can and should navigate DIY in light of concerns over
liability. See the interesting exchange, which ended with Dr. Wyne proposing that a consensus on
the legal aspects of DIY for providers be written, below.

Selected Questions and Answers

Q: What does the healthcare provider do? We have regulations. I want to help, but I also have
to protect the patient and me.

Ms. Dana Lewis: You can answer questions and say, "I can't prescribe or recommend," but you can still listen
to them and point them to places where they can get help. My hope is that through collaborations with
companies, there will be approved versions of things that came out of the DIY movement.

Dr. Grazia Aleppo (Northwestern University, Evanston, IL): This is a wonderful situation -
well sometimes, there may not be WiFi, no connection. Do I need to worry about going to
manual mode basal rate? How do I assist them to stay safe if something is going wrong? We
want to make sure that when they're not in DIY they're still ok.

Ms. Lewis: It's not if it'll break or turn off, but when. It's designed to fall back safely to a standard pump
situation and give an alert that you're not looping, so pay attention. It's important for companies to be aware,
and to design for that too. Just because a product is on the market, that doesn't mean we don't have to have
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conversations about what happens if it breaks, because it will break. Thank you for your interest in supporting
patients who are doing DIY.

Dr. Lutz Heinemann (Profil Institute, Neuss, Germany): In Germany, we had an outcry in the
academic world about using such systems which are not medical products (approved). What
are the legal aspects, and so on? I somehow missed this in the presentations.

Dr. Lee: As a clinician, I highly endorse the systems, their outcomes, the achievements of the systems. I
suggest that patients use the Facebook group and talk to others who have built the systems. That's where I
draw the line. I don't think as a clinician I can build the system for them. I can't medically endorse it, but I can
say "you can check this out, talk to the community." People come in all the time with rigged-up stuff - it's not
about legality, it's about a patient who makes a choice, then it's our job as a clinician to support them in that
decision.

Dr. Heinemann: I'm impressed by the quality of the results, so I'm in favor of DIY, but if
something goes wrong - we have liability - what happens? You as a physician might be in a
difficult position - we should discuss that.

Dr. Lee: Good point - there are a lot of good examples of this. Patients may not want to talk to their
pediatricians about DIY because they're worried they'll disapprove. But we were trained with systems that are
dinosaurs - I was trained on paper logbooks and NPH. Patients are pushing innovation. We need to listen.
There's risk in everything we do with insulin. I love this quote: "Who do I trust more a teen or a computer?" I
trust the computer. I'm not sure someone could sue you for having a conversation about a choice a patient
made about a device.

Dr. Lorenzo Sandini (Central Hospital of South Karelia, Lappeenranta, Finland): Devices are just between the
sensor and pump - not one of those makes decisions without the will of a patient. It's just mathematics, not
black magic. It's automation at its best, but it's not replacing what a patient would do for themselves. We can't
try to pull them away from their decision, because the data is there to show it works better even if the person
works manually, staying awake 24 hours a day to adjust basal insulin every five minutes.

Dr. Jason Wittmer (Des Moines, IA): FDA has taken a permissive approach on this. I met with all the reps
yesterday. They are very interested in what the DIY community is doing. I prescribe things off-label every day.
I do that for things with which I have no randomized controlled trial data. I do it for no other reason other
than just because we do it that way and have done so for a long time, even though we have no trial data to
stand on. Our data may be anecdotal, but it's true. So, you didn't prescribe it, but have the conversation, make
an objective and genuine assessment of risks and benefits you see, and let the patient make their own
decision.

Comment: Is there no practical way to get around it? If you're worried about legality, set up a
longitudinal, open research platform, and "enroll" people on DIY. There's a bit more scope to
do this without feeling the wrath of legality…it's probably a way around this if you guys want to
figure it out.

Dr. Kittie Wyne (Ohio State University, Columbus, OH): We spend all of our time trying to
teach patients that they're in charge and I'm here to help. I say, if the physician says, 'I'm
scared don't do it,' then find a new physician who will support you. The problem is that there
are not many doctors who understand the words you're saying. This symposium is a great
place to teach people, and we need to get it further out in the open. Someone needs to put
together a consensus, a series of papers to get the legality aspects out in open. When I put a
prescription out for insulin, I write "as directed, up to 50 units." And you go home and give
yourself what's best - I'm not making those decisions, you do! We need to push and get it
further out in the open and help to make physicians understand they're not at risk but we need
to learn and help people with diabetes. Anything I can do to help you guys, I'm willing.
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Special Event: JDRF/NIH/HCT Closed-Loop Research Meeting

Year in Review

John Lum, MS (Jaeb Center for Health Research, Tampa, FL)

In his opening remarks, Jaeb's Mr. John Lum put the tremendous progress on closing the loop in perspective:
at the first JDRF Closed-Loop meeting at ADA 2007 - 11 years prior to the day! - there were 12 invitees on the
agenda, no products on the horizon, and a focus on control algorithms. Wow has the field come a long way!
Mr. Lum summarized the tremendous year in closed loop with three excellent themes: (i) acceleration of US
device approvals; (ii) progress with much larger, longer-duration closed-loop studies; and (iii) an increased
emphasis on interoperability and openness. Specifically:

▪ Mr. Lum praised the amazing work of FDA's Drs. Courtney Lias, Stayce Beck, and
team, noting that the Agency is now a "facilitator" of the field - not a barrier. He
highlighted FDA approval of FreeStyle Libre last fall (not part of closed loop devices yet, but will be
with Bigfoot), Dexcom's G6 in March, and three approvals the day before ADA 2018: Senseonics'
90-day Eversense CGM, Tandem's Basal-IQ/Dexcom G6 (PLGS), and Medtronic's MiniMed 670G in
7-13 year olds.

▪ On the large study front, the six-month International Diabetes Closed Loop Study
(iDCL protocol 3), which will serve as the pivotal trial for Tandem/TypeZero's Control-
IQ with Dexcom G6, opened enrollment as of June 21. The plan is to enroll 168 participants,
comparing six months of closed-loop (t:slim X2/Control-IQ/G6) to six months of sensor-augmented
pump therapy (same devices, no automation). See the ClinicalTrials.gov post here, which indicates
the study is already recruiting at four centers. The primary outcome is time-in-range (70-180 mg/dl)
- nice!

◦ Mr. Lum also noted five other large closed-loop studies getting underway
now/soon: (i) iDCL protocol 1 has completed enrollment and results with the
smartphone-based TypeZero inControl algorithm will be shared at DTM in November; (ii)
iDCL protocol 2, testing Senseonics Eversense with a Roche pump and TypeZero
algorithm, will begin enrollment this fall; (iii) the Dan 05 study, testing Cambridge's
algorithm in a Medtronic pump/CGM is now underway; (iv) the FLAIR study, comparing
the 670G to Medtronic's Advanced hybrid closed loop (with DreaMed auto-bolusing
algorithm) has finalized the study design and is set to begin in Q4 of this year
(ClinicalTrials.gov page); and (v) the Bionic Pancreas team has large pivotal trials slated to
begin in 2019 (insulin-only first; IDE approved in May for first iLet bridging study).

▪ Before handing it off to Dr. Aaron Kowalski, Mr. Lum noted the growing focus on
device interoperability: JDRF's Open Protocol AID Initiative (October 2017); Dexcom's launch
of a public API for third-party retrospective CGM data apps (September 2017); the clearance of
Dexcom's G6 as an iCGM with interoperability in mind (March 2018); and FDA approval of
Tandem's Basal-IQ with Dexcom's G6 (June 2018). He also noted the April 23 JDRF/HCT workshop
on interoperability - see our coverage here. Noting the interoperability progress with iCGM, Mr.
Lum added, "We'd like to see the same thing happen with pumps." We agree!

Update on JDRF Open Protocol Initiative

Aaron Kowalski, PhD (JDRF, New York, NY)

JDRF Chief Mission Officer gave a highly enthusiastic update on JDRF's Open Protocol Initiative, which aims
for seamless, secure, interoperable connectivity between diabetes devices and smartphone apps (e.g.,
Bluetooth) - both commercial devices and DIY efforts. In a room filled with academic investigators and
industry, Dr. Kowalski was honest in sharing that he uses a DIY system (Loop) and absolutely loves it. He
added that the DIY community is on the "bleeding edge" and is "doing amazing things," and given the
momentum, the DIY movement "is not stoppable…nor should it be stopped…" However, he noted, "it needs to
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be safer," particularly given the secondary market for used Medtronic old pumps compatible with Loop/
OpenAPS: "It just doesn't feel right to me that we are operating under the table, with pumps that are being
bought on Craigslist, eBay, and Facebook that are 7-8 years old." To this end, JDRF has "invested significant
effort in this area," including working with industry, FDA, and understanding the legal/liability implications
of diabetes devices approved with open communication protocols. He characterized April's JDRF/HCT
Interoperability workshop as very productive ("unbelievable in terms of dialogue…everyone spoke up") and
highlighted Dexcom's G6 iCGM pathway as an "intriguing and exciting pathway forward…You could envision
an interoperable ecosystem with iAlgorithms and iPumps in the future. That to me is very, very exciting," he
said, "and JDRF is going to be pushing very hard to see that become real. I think every company in the room,
sensor, pump, and algorithm, has a whole new set of opportunities to build amazing solutions." He concluded
that "Interoperable systems are going to play a very important role in diabetes solutions in the future." We
agree and love this visionary, groundbreaking work to make devices safe, to harness the DIY community's
brilliance, and to provide a new innovation and regulatory paradigm for companies to compete in.

▪ Dr. Kowalski highlighted SOOIL on the pump side, who shared bold plans at this ADA
to submit an open protocol Dana pump to the FDA and launch by ADA 2019 in the US.
Its goal is to submit with an iPump de novo designation, following the path paved by Dexcom's G6
iCGM. Can it execute on this vision? Will it be the first to get smartphone control of a pump
approved?

▪ Dr. Kowalski was honest that liability is the biggest issue here for device makers, and
JDRF has hired a law firm (Bowman & Brooke) to better understand the unique product liability
challenges associated with interoperable automated insulin delivery - see our coverage of that from
April. We think this is a potentially solvable problem with disclaimers and waivers - e.g., "I accept all
risk by enabling DIY mode" - though the details are always the hard part with these sorts of things.

Mini Symposium: Understanding Hybrid Closed Loop Pump

What Patients Need to Know

Laurel Messer (Barbara Davis Center, Aurora, CO)

BDC's Ms. Laurel Messer gave a tour de force overview of Medtronic's MiniMed 670G from a patient
perspective, concluding that "this is still diabetes, and behavior is still paramount…but this may be a quality of
life game changer for many patients." She drove home five main points:

(i) Insulin delivery fundamentally changes on hybrid closed loop. "It's important patients
understand the 'hybrid' part." She suggested patients should know that basal rate is automated, that boluses
are manual, that the concept of a basal rate goes away ("every five minutes there's a new basal"), and how to
use a pump in manual mode (since they will still be out of auto mode ~20% of the time in a good case).

▪ Ms. Messer wanted to dispel the myth that 670G "learns my diabetes": "It doesn't know
when you're going to eat, how much you're going to eat, when you'll be more insulin resistant, when
you'll have hormone secretion in the early morning, diurnal patterns, when you'll exercise, if you did
exercise, if you're awake or sleeping. It is a blind system in many ways. It knows three things: total
daily dose for the past two to six days, current glucose level, and insulin on board. That's all - I get
very nervous when patients say it needs to learn their body because it ends up being very different
from their expectations."

(ii) How/what insulin dose settings can be modified. She drove home that in auto mode, only active
insulin time, insulin:carb ratio (ICR), and temp target (150 mg/dl) can be altered. She suggested that ICR
should be more aggressive at each meal because the system will work on the back end to reduce basal rate if
needed. When educating patients, Ms. Messer proposes teaching the temp target like a lower temp basal, to be
used when the patient is more insulin sensitive - brilliant! She's noticed that some users are frustrated that
they can't customize or override boluses or that boluses are "almost always less than a patient would expect,"
but generally discouraged the practice of "phantom boluses" or "fake carbs," where the user inputs carbs that
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they never took so the system will allow them to bolus or be more aggressive. "I think at times it's appropriate
- for example, with coffee in the morning, that's one way patients can mitigate the problem of blood glucose
rises without carbs. However, I've also seen times where it overloads the system and you can't avoid
hypoglycemia after fake carb boluses. It's patient education. Glucose may not come down as fast as you're
used to, but as the system should overall increase time-in-range, you can build tolerance for the slower fall of
hyperglycemia. Ask patients to see the forest through the trees, and to look at overall glycemic profiles - what
ends up happening with fake carbs is their glycemic variability increases, and we're not helping them very
much. They can get used to coming down slower and see that they're spending more time-in-range."

(iii) Expectations on work load. Nothing surprising here from what we've previously heard: 670G
requires an ongoing interaction, as patients need to check blood glucose and give meal boluses, calibrate their
CGMs, and respond to alerts. There are also new system notifications like "BG required" and safe basal alerts
(to notify the patient she is exiting auto mode). "In the pivotal study, people exited 5.6 times per week from
auto mode (almost once a day). 95% of those exits were due to system requirements, and just 5% were due to
the user. You need to tend to the system, follow alerts so it can keep automating doses." (In our view, this is
clearly a big area where Medtronic needs to improve the 670G. It's also an area we expect more user-friendly
systems to push Medtronic to improve on.) She also encouraged proper fingerstick technique - since she
works with pediatrics and adolescents, she implores them to at least use the second drop of blood since she
knows so few of them will ever wash their hands before testing.

▪ During Q&A, Ms. Messer called the just-FDA-approved t:slim X2 with Dexcom G6
PLGS system a "game changer" since it is the first AID system approved for use with a
factory-calibrated sensor. "A system that doesn't require fingersticks might make this
technology work for people not able to have success on 670G. I'm very excited about it, and it's great
to see this competition."

(iv) Learning curve. Ms. Messer has noticed that it can take "one to four weeks" to get used to the 670G -
due to tweaks in ICRs and insulin action time and figuring out how to manage meals - so she asks patients to
give it more than a month before making a judgement on how they like it. "After four to six weeks, they often
say it's changed their lives for the better." Pointing out that most of the advice that patients seek and receive
about 670G is how to trick it, Ms. Messer recommends using as directed to maximize results.

▪ We'd add, unfortunately, that Medtronic has a 30-day return policy on devices,
meaning by the time someone decides if they like it after 4-6 weeks, they probably
cannot return it. We wish Medtronic would extend this to at least 60-90 days; getting on a system
like the 670G is a huge decision, and unfortunately one patients cannot test drive before getting it.
Given the new 670G Outcomes Guarantee for payers (lasting four years - the length of a pump
warranty), we'd love to see a Patient Satisfaction Guarantee extended to at least 60 days. Progress on
this front could really reduce the fear factor of getting a new pump and perhaps even increase
adoption on MDIs - "If you don't like it, return it after 90 days - no questions asked!" Insulet is the
most ahead on this with its free demo pods. Over time, Insulet could even expand to a free pod trial
with smartphone control from a free app - meaning no hardware startup cost to try before buying.

▪ Though the 670G technically requires only two days of manual mode before it allows
users to enter auto mode, patients at BDC are typically in manual mode for one to two
weeks before transitioning to auto mode. That way the user can learn the CGM/calibration
routine and optimize insulin dosing so the system will have total daily doses better optimized for
Auto Mode start . Ms. Messer recommends telling patients to give themselves as much insulin as
(safely) possible in the week before hybrid closed loop begins - "the more insulin the patient gets
without hypoglycemia, the better Auto Mode will do for hyperglycemia."

(v) Behavioral tips for patients:

▪ Stay in auto mode as often as you can. Regarding boluses, "Give ALL, give BEFORE."

▪ Give correction doses with any blood glucose >150 mg/dl.
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▪ Hyperglycemia often leads to hybrid closed loop exits, so avoid as much as possible.

▪ You still have to calibrate the sensor and respond to system alerts. "This is especially
pertinent now that there are factory-calibrated sensors out there. It's s a tradeoff that needs to be
pointed out."

What Clinicians Need to Know

Elizabeth Doyle, DNP (Yale University, New Haven, CT)

Referring to the MiniMed 670G, Yale's Dr. Elizabeth Doyle stated: "The success of carb counting is going to
equal the success on this system." We've heard similar sentiments in the past - the basal:bolus ratio on 670G
often shifts in favor of bolus to better cover meals, while the basal rate can decrease on the back end to
compensate. Of course, if this is to happen safely and effectively, good carb counting practices are necessary.
Dr. Doyle suggested referring new 670G starts to a nutritionist. (We'd point out that in someone eating low-
carb, the opposite is often true - far more insulin delivery shifts to basal on hybrid closed loop. On Loop, for
instance, Adam typically sees 85% as basal delivery and only 15% as bolus.) Dr. Doyle also noted that Yale has
used 670G successfully in some type 2 patients who are "totally insulin-dependent" (just on insulin, after not
seeing success with orals). We'd be very interested to see 670G outcomes data from this population of type 2s.
Dr. Doyle also emphasized the goal of 80% time in auto mode, noted very positive experiences with the
system in her clinic, and excitedly announced to the room that FDA had approved 670G for use in kids ages
7-13 years old (the session came the day after the announcement).

▪ Dr. Doyle shared an impressive case study of a 57-year-old type 1 man who was treated
at Yale, noting that following a reluctant start, she saw "such a change in this man. He
was far happier, and less obsessed. He and his wife would agree that the changes in
his quality of life were unexpected. He gave over a lot of his anxiety to the pump - he
realized he just needed to let it do its job." At baseline, this patient had a history of
hypoglycemia and some hypoglycemia unawareness, checked his blood glucose 10.4 times per day,
and had an A1c of 6.2%. He was a part of the 670G Priority Access Program and found the pump and
CGM "absolutely fantastic" - still, while in manual mode, he was taking 13.4 boluses per day,
checking blood glucose 11.8 times per day (despite the CGM), and had many lows. After starting
hybrid closed loop, he was averaging fewer than eight boluses per day, spent 86% of time in-range,
and only 2% below 70 mg/dl. His A1c has leveled at 6.3%, and he's now only checking his blood
sugar 3.6 times per day (basically what's needed for calibration). While not everyone gets up to 86%
in-range, this remarkable anecdote shows how hybrid closed loop can drastically improve the
outcomes and quality of life, especially for someone working hard and already getting an A1c <7%.

Symposium: Artificial Pancreas and Decision Support Approaches

Continuous Glucose Monitoring-Based Decision Support for Type 1 Diabetes

Marc Breton, PhD (University of Virginia, Charlottesville, VA)

UVA's Dr. Marc Breton fleshed out promising pilot data from a study of a CGM-based decision support system
based on the UVA DiAs platform in 24 type 1 adults (16 pumpers, 8 on MDI). [Dr. Bruce Buckingham flashed
the summary figure from this pilot - shown below - at DTM]. In its current form, the system is composed of
three main modules: automated treatment parameters adaptation (recommends changes in therapy based on
retrospective risk zones), insulin sensitivity-informed bolus calculator (adjusts boluses based on ratio of real-
time insulin sensitivity to historical insulin sensitivity), and exercise advice (determines whether patient
should snack/wait or proceed with exercise depending on age, insulin on board and initial glucose). Through
the ~four-week study, which included clinic-based meals and exercise, the decision-support system
significantly improved a number of glucose parameters relative to standard of care: Primarily, coefficient of
variation fell from 36% at baseline to 33% (34% -> 30% at mealtime), largely from less hypoglycemia, as time
≤70 mg/dl decreased by ~33 minutes per day (from 3.2% to 0.88%). Time in range (70-180 mg/dl) and time
above 250 mg/dl did not significantly change from standard care, a surprising finding (potentially because of
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the small study size). The plot below of "quality" glucose - average vs. time below 70 mg/dl - does show a
much tighter band in the treatment group towards less hypoglycemia and a lower average. Notably, this
decision support system is in the midst of a three-month, n=120 study at Stanford, UVA, and Mt. Sinai to
explore applications in MDI - we first heard about this study, which is using Novo Nordisk-supplied smart
insulin pens, at DTM 2017. Two posters from this study group related to smart pens are described above. The
team will also conduct studies to parse out the impact of each decision support module during 2018, attempt
to untangle the impact of information without support vs. prescription ("take X units of insulin") and their
acceptability to patients, and extrapolate the system to type 2s.

▪ Dr. Breton provided granular data from the in-clinic days assessing the effectiveness
of the decision support in helping participants handle exercise and meals. When
individuals exercised two hours post-meal, the system (red) appears to greatly reduce hypoglycemia;
three hours post exercise, it appears to prevent early hypoglycemia, though may put the user at
slightly higher risk of hypoglycemia starting ~40 minutes after beginning activity. For sessions when
individuals began exercise with blood glucose <180 mg/dl, Dr. Breton remarked that the glucose
traces resemble those from hybrid closed loop - significantly less hypoglycemia, and significantly
less variability. Regarding postprandial excursions, the decision support system improved patient
handling of high fat/protein meals, without significantly impacting handling of meals overall or
large meals. In the postprandial excursions slide below, a distribution to the left (lower area under
the curve) is favorable - higher red bars on the left indicate lower and/or shorter duration
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hyperglycemic excursions after a meal. We've never seen meal data plotted as histogram of AUC; a
simple time-in-range metric might have summarized it better?
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▪ The other modules to be included in the decision support system are: Bedtime advice,
average glycemia indicator, and hypoglycemia prediction (up to three hours in
advance). We're not sure if these are incorporated into the system currently in evaluation at UVA,
Mount Sinai, and Stanford.

◦ Dr. Boris Kovatchev, Dr. Breton's mentor, showed impressive data from the
hypoglycemia prevention module at DTM.

Advanced Treatments for Type 1 Diabetes-Adapting to Meals and Exercise

Jessica Castle, MD (Oregon Health & Science University, Portland, OR)

OHSU's Dr. Jessica Castle gave an update on her team's work with closed loop and automated decision
support to improve adaptation, including the Helmsley Charitable Trust-funded, Jaeb-coordinated T1-DEXI
pilot study. The pilot study will enroll 60 individuals between ages 15-70 with type 1 diabetes, and collect one
month of insulin, CGM, food, and physical activity data. Data will be collected with Dexcom G5, DiabNext's
Clipsulin dose capture device (an uncommon choice), a Garmin activity tracker, and a custom app developed
at OHSU for food photos and exercise logging. The app asks patients to take photos before and after eating,
estimate carbohydrate content, and provide a qualitative estimate of how much protein and fat is consumed.
Participants will be randomized to complete two in-clinic and four home sessions of either aerobic, anaerobic,
or high intensity interval exercise. Every seven days, providers will review CGM and insulin data, and make

www.closeconcerns.com 229

https://www.closeconcerns.com/knowledgebase/r/5217275c#Novo_Nordisk_Supplying_NFC-Enabled_NovoPen_Echo_and_Tresiba_Pens_for_NIH_Study_of_TypeZero_MDI_Advisor
https://www.closeconcerns.com/knowledgebase/r/8de96797
https://www.closeconcerns.com/knowledgebase/r/8de96797


insulin dose recommendations. This study will eventually inform a larger study of 300-500 participants (!)
with a goal of building better exercise and food models for automated insulin delivery and decision support.

▪ Dr. Castle detailed a couple of other current and future OHSU studies in the domains
of dual-hormone closed loop and decision support:

◦ The team is in the midst of a three-day outpatient study with in-clinic aerobic
exercise (n=20) assessing a dual-hormone closed loop system consisting of
Insulet Omnipod and Dexcom G6. Notably, this study is using Xeris glucagon, which
Dr. Peter Jacobs previously told us is stable for the duration of the study and does not need
to be changed. The system will also be informed by OHSU-developed hypoglycemia
prediction and postprandial hyperglycemia prevention algorithms.

◦ "DailyDose" is a smartphone-based decision support system for type 1s on
MDI therapy that provides bolus, basal, and behavioral recommendations. The
application was co-developed with University of Toronto's Dr. Joe Cafazzo and funded by
the Helmsley Charitable Trust. No further details were shared on this platform, including
study timing, blood glucose input (CGM, SMBG, both?), other data inputs, etc.

▪ Dr. Castle quickly reviewed three OHSU-developed algorithms, two for hypoglycemia
prevention, and one for minimizing postprandial hyperglycemia. The first hypoglycemia
prediction algorithm is a heuristic algorithm that uses heart rate and glucose at the start of exercise
to help patients predict hypoglycemia risk in real time. The second hypoglycemia prediction
algorithm is a "random forest algorithm," meaning that it runs through a group of decision trees and
the outcome of each tree is averaged to get a higher predictive accuracy. Inputs for this second, more
complex algorithm, include glucose and heart rate at the start of exercise, insulin on board, average
TDD, sex, weight, height, and BMI. The algorithms were trained on 154 exercise observations (some
closed loop, some open loop), and were validated in 90 individuals: The first heuristic algorithm
more accurately predicted hypoglycemia than the decision tree algorithm (87% vs. 80% accuracy),
driven by greater specificity. Regarding meals, the OHSU team is developing ALPHA - adaptive
learning postprandial hypo-prevention algorithm.

Automated Adjustment of Basal-Bolus Insulin Therapy Using Run-to-Run Control
and Case-Based Reasoning

Pau Herrero-Viñas, PhD (Imperial College London, London, United Kingdom)

Imperial College London's Dr. Pau Herrero-Viñas detailed the Advanced Bolus Calculator for Diabetes
Management (ABC4D), an insulin bolus calculator that uses Run-to-Run (R2R) control and Case-Based
Reasoning (CBR) to automatically adjust patients' insulin:carb ratios depending on the post-prandial
outcomes of the previous week. The ABC4D patient-facing app and clinician platform was tested in a small
pilot study (n=10) of adults with type 1 diabetes on MDI. Participants used the ABC4D smartphone app for six
weeks in their home environment, returning to the clinical research facility weekly for data upload, revision,
and adaptation of the CBR case base. Although Dr. Herrero-Viñas alluded to a trended reduction in
postprandial hypoglycemia and improvements in other glycemic outcomes, no changes were found to be
significant. Still, he was encouraged by the results, believing the non-significant outcomes to likely be the
result of the small sample size. Since the study's publication in 2016, Dr. Herrero-Viñas and his team have
designed an updated ABC4D app intended to be more user-friendly: all features are accessible on the patient's
smartphone (i.e. no need to go to the clinic for data download or algorithm revision), and CGM integrates
directly with the bolus calculator to account for metrics like rate of glucose change. A non-inferiority,
crossover RCT investigating the new version is currently being planned in a larger study population - Dr.
Herrero-Viñas displayed a picture of the user app with a Dexcom G6, but we're not sure if that is the only
CGM that can be integrated. Dr. Herrero-Viñas's team is also planning to incorporate the bolus calculator into
a hybrid closed loop system called "Biap." The slide introducing Biap depicted Dexcom's G6 and Tandem's
t:slim X2 pump, although these devices were not directly named during the presentation - this name is new to
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us! An open-label, randomized study (n=20) with three arms (sensor-augmented pump vs. Biap with
standard bolus vs. Biap with adaptive bolus) is in the works.

Symposium: Joint ADA/JDRF Symposium - Current Management of Type 1
Diabetes in Youth - What Are the Options?

Insulin Therapy in Youth with Type 1 Diabetes Mellitus - Multiple Daily Injections
or Continuous Subcutaneous Insulin Infusion?

Hood Thabit, MD, PhD (Manchester University Hospitals NHS Foundation Trust, Manchester,
England)

Drawing on data from an amalgam of sources including the T1D Exchange (T1DX), German/Austrian DPV
registry, Western Australia Children Diabetes Database (NDPA), Manchester's Dr. Hood Thabit concluded
that pumps are generally advantageous in comparison to MDI for youth with type 1 diabetes, though choice of
insulin delivery must be individualized to maximize treatment satisfaction and quality of life. Further, he
called for greater research into the psychological aspects of insulin therapy in youth to increase adherence
with both pumps and pens. When data from the three registries was compiled, pumps only seemed to confer a
modest improvement in A1c levels. However, pump users have significantly lower frequency of DKA and
severe hypoglycemia events. Pumpers in their registry experienced 16% fewer DKA events than their injecting
counterparts, and, according to a cited study, pumpers were 30% less likely to experience a severe hypo.
Based on data from the Swedish National Diabetes Register, all-cause mortality is also 27% lower for pump
users, and, with respect to psychosocial outcomes, Dr. Thabit acknowledged that results have been mixed, but
that treatment satisfaction and diabetes self-efficacy have both shown to be higher in those using pumps
compared to injections. Dr. Thabit noted that these data all point to pumps as superior, but qualified this
data-driven conclusion: At the end of the day, choosing an insulin therapy for youth must align with
individual and parent preferences, and it is the doctor's responsibility to educate them on the benefits and
drawbacks of each while keeping the long-term goals of the patient in mind. (To this we would add cost, which
can be make or break for many families.) Particularly at such a young age - mean A1c is highest among 13-25
year-olds with type 1 diabetes according to the T1D Exchange and NDPA - Dr. Thabit underscored that
establishing a solid therapeutic regimen is important, as early complications can be significant in terms of
metabolic imprint and future CV risk. Therefore, whichever therapy gives the greatest likelihood of achieving
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positive outcomes, based on the patient's lifestyle and preference, should be used. Hear, hear! We add that the
data highlighted by Dr. Thabit was largely correlational, and the preferable outcomes in pump users could
have more to do with the type of person likely to start pump therapy (selection bias), and less to do with the
mode of insulin delivery itself. This all the more underscores Dr. Thabit's conclusion that a patient should
deliver insulin whichever way he/she is most likely to use and succeed with - a teen on the swim team may
well prefer to use injections so as not to be singled out as "different" for being tethered to a pump!

▪ Dr. Thabit briefly touched on novel automated insulin delivery systems and smart
pens as bright spots in the future of diabetes technology for youths with type 1
diabetes. Systems that make insulin delivery easier and safer will certainly help youths feel more
confident managing their diabetes - and more often doing so without much conscious thought - but
barriers like on-body burden, aesthetics, and stigma will still be at play! A increasingly concerning
issue could be infusion sets and subcutaneous delivery over years - as younger and younger patients
pump insulin for decades, the field will need to move towards better infusion that drives less
scarring and lower risk of lipohypertrophy.

Symposium: Innovative Strategies to Improve the Inpatient Experience

Patients' Own Diabetes Devices―To Wear or Not to Wear?

Donna Jornsay (Mills-Peninsula Medical Center, Burlingame, CA)

Mills-Peninsula Medical Center's Ms. Donna Jornsay spoke broadly about the use of insulin pumps in the
inpatient setting. In order to remain on an insulin pump, patients often must sign written agreements
provided by institutions with the following requirements: patients must be alert and oriented, not be in
critical condition or suicidal, be able and willing to self-manage the pump, be willing to have BG values tested
with the hospital meter, have personal pump supplies with them (which the hospital may be lacking), be
willing to have BG values tested with the hospital meter, be willing to sign appropriate paperwork/forms, and
be willing to have an endocrinology/diabetes educator consult. In addition to providing the insulin for pumps
and the blood glucose meter in inpatient settings, the hospital must have the model of the pump and relevant
contact information readily available. Such cautionary measures are especially important to consider due to
potential issues in the operating room arising from infusion site placement, X-rays which can interfere with
proper functioning, and staff with limited pump knowledge/experience. In clinical settings, pumps may also
be problematic for those with poorer health and who depend on feeding tubes or other apparatuses. Because
patients with diabetes are more likely to be admitted for inpatient care, Ms. Jornsay pointed out, it's
important that the knowledge gap surrounding insulin pumps is bridged between care providers and patients,
especially for pediatric patients, many of whom use 10ths or 100ths of an insulin unit as given by pumps. The
policies outlined by Ms. Jornsay seem doable, which is a good thing in our view, as a capable/aware person
self-managing his/her diabetes in the hospital seems more likely to lead to optimal glycemic outcomes. Every
time the Cambridge group presents new inpatient closed loop data (as they did at this ADA, in type 2s), we are
amazed at the poor quality of glycemia in the control group - 412% time-in-range, with nearly 50% spent >180
mg/dl in that study! Hospital diabetes management and the degree to which patients should be in charge of
regulating their glucose in that setting are areas requiring more research, particularly in light of signals that
mean glucose correlates with lower mortality in the cardiac perioperative setting (assuming this finding is
somewhat generalizable to the other inpatient scenarios).

▪ Ms. Jornsay noted that few institutions have policies on patients' own CGM devices,
there have been no FDA approvals for CGM use on inpatients, and patients wearing
CGMs may be unwilling to have blood sugar checked in clinics. There is an n=244 VA
hospital CGM study underway, and Dexcom has expressed interest in exploring its no-calibration G6
in the inpatient setting, but there have been no commercial gains on this front to date - this is a
tough and expensive and slow-moving market, and there is plenty of runway in the personal CGM
market to tackle already. Nova Biomedical's StatStrip hospital BGM just became the first fingerstick
monitor to be cleared for use in critically ill patients - will this clearance kick off more glucose
monitoring innovation in the hospital setting?
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Product Theaters

The Omnipod Dash System-Simplifying Insulin Delivery for Your Patients and
Practice (Presented by Insulet)

Trang Ly, MBBS, PhD (Insulet Corporation, Boston, MA)

Insulet's Omnipod Dash product theater offered a full, detailed demo at the new touchscreen PDM and paired
mobile secondary display apps. Based on what we saw, Insulet's Dash has set a new industry standard in the
user experience of insulin pumps, even relative to Tandem's t:slim X2: from the big things (fully integrated
food library, simple home screen centered on IOB, very large color interface) to the small things (graphical
display of basal insulin, excellent scroll wheels), Insulet has done an awesome job on this product and the
attention to detail really shows. We especially loved the startup screens that guide the user through setting up
the PDM - Dash has a warm feel, and Dr. Trang Ly's demo had the entire pump parameters set up from
scratch in just a few minutes. We imagine healthcare providers will love how much easier the PDM is to train,
and the advantage of automatic upload to Insulet-provided Glooko (when connected to WiFi) will be big.
Insulet has laid a great foundation for the future goal to dose directly from the phone. The launch timeline is
the same in the US (six-month limited market release in 2H18, full launch in early 2019); President Shacey
Petrovic confirmed the plan for a 2H19 Dash launch outside the US.
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MiniMed 670G System-Increasing Time In Range with Automated Insulin
Delivery (Presented by Medtronic)

Jennifer Sherr, MD, PhD (Yale University School of Medicine, New Haven, CT), Anders
Carlson, MD (International Diabetes Center, Minneapolis, MN)

During a Medtronic MiniMed 670G product theater, we were delighted to hear Yale's Dr. Jennifer Sherr and
IDC's Dr. Anders Carlson emphasize the importance of time-in-range and the limitations of A1c. As Dr. Sherr
put it, "time-in-range really provides clinicians with actionable insights, whereas A1c tells me where you are
vs. a target." Dr. Carlson cited the recently published (Runge et al., Clinical Diabetes) paper to highlight that
patients care about time-in-range - surveyed participants with both type 1 and type 2 diabetes ranked time-in-
range very highly in a list of factors they care about in their diabetes management. Dr. Carlson pointed to the
real-world 670G data from nearly 33,000 patients shared at ADA (see above) to assert that a time-in-range of
at least 70% can be "reasonably expected" with appropriate use of the 670G. Several thought leaders are
interested in defining goals for glycemic outcomes like time-in-range, and many have advocated for using the

www.closeconcerns.com 235

https://www.ncbi.nlm.nih.gov/pubmed/29686449
https://www.closeconcerns.com/knowledgebase/r/14c361df#Medtronic_670G_Real-World_Data_Similar_Change_in_Former_MDIs_Between_Manual_and_Auto_Mode_No-Baggage_Advantage


670G pivotal data as a place to start. Dr. Sherr wrapped up the discussion by sharing a case study of an eight-
year-old patient on the 670G for the very first time. After she had spent years struggling to manage glucose
overnight and facing extreme glucose variability during the day, Dr. Sherr finally decided to put her on the
670G (off-label at the time). Once the patient transitioned to auto-mode, Dr. Sherr recalled the tearful mother
simply saying: "we just sleep." We're delighted that the 670G is finally approved in those as young as seven,
and that Tandem also just received approval for its G6-integrated t:slim X2 Basal.IQ (PLGS) system, which
will also give parents more sleep and peace of mind.

Diabetes Mine D-Data Exchange

SOOIL to Submit to FDA with Open Protocol Dana Pump Designed Around Needs
of DIY Community; Potential OpenAPS Inclusion?

Justin Walker (SOOIL, New Zealand)

SOOIL Korea's Justin Walker shared bold plans to submit the company's smartphone-controlled Dana RS
insulin pump to the FDA/CE Mark with an open communication protocol - an interoperable pump to meet
the wishes of DIY users. He also mentioned plans to register a version of the open source OpenAPS algorithm
(of Dana Lewis/Scott Leibrand fame), implying in Q&A it would sit in a phone app and communicate with the
Dana pump and an iCGM. SOOIL actually submitted interest to JDRF's Open Protocol Initiative (which
Roche is also part of), and this bold plan could be a big asset in the US market if the company can figure out
the regulatory path - an open "iPump" that patients can buy brand-new for use in systems like Loop and
OpenAPS could be compelling! The timing on FDA submission was a bit unclear, though SOOIL hopes to
release the open protocol pump "shortly" - it had a few minor design updates, but looked mostly similar to the
already-available Dana RS. As we've previously noted, Dana RS is the only pump to our knowledge with
approved smartphone control apps for iOS and Android. The pump is no-frills, but has become a popular
choice in the DIY community outside the US, as the direct smartphone control means no communication relay
device or "rig" is needed (e.g., AndroidAPS users simply run the closed loop app on the phone and wear the
Dexcom and Dana RS pump). Dana's RS pump is CE Marked and Korean FDA approved and available in both
Europe and Asia. Interestingly, SOOIL has been building pumps since 1979 and its move to smartphone
control was driven by the DIY community, including Mr. Walker's own experience.

Medtronic Diabetes ADA Analyst Briefing

MiniMed 670G Performance Guarantee

In a huge update at Medtronic's one-hour ADA Analyst Briefing (slides, webcast), it is launching a bold 670G
outcomes-based guarantee for payers: "If there is a diabetes-related hospitalization or ER visit for patients on
the 670G, we'll reimburse it - up to a cap of $25,000 over a four-year period." President Hooman Hakami was
very impassioned in presenting the slide below: "Based on the outcomes with the 670G … and the compelling
data we see from the millions of patient-days, we're ready to stand behind the system through a business
model…There is no other diabetes company that can say this or do this. No other company has the benefit of a
system that actually keeps a patient in the right glycemic control. There is no other company that has the data
we do that demonstrates the value of that control. This is something we think the community is going to
embrace. It's a further indication of our commitment to value-based-healthcare, and not just driving fee-for-
service - but actually selling outcomes." He later added that "Medtronic is trying to change the conversation.
Today's paradigm, where companies offer a product, they are compensated for the product immediately, but
the healthcare system lives with a promise that things will get better because of utilization. 'Pay me for this,
trust me, it's going to drive better outcomes and lower costs.' That's a broken dynamic. We want to change
that. Instead, we say, 'I'm going to prove it to you; if you buy this, we feel so strongly that this was designed for
outcomes, we're going to stand by it." Wow - this is a very bold and important move for the field, and Susanne
Winters (a VP at Medtronic) said in Q&A that payers are "very interested in this," especially to have
predictability around costs. Will we see more preferred arrangements like the UHC/Medtronic deal?
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MiniMed 670G CE Mark

Medtronic also announced CE Mark for the MiniMed 670G hybrid closed loop, with a launch to commence
this fall in 10 European countries: Belgium, Denmark, Finland, Ireland, Italy, Netherlands, Spain, Sweden,
Switzerland, and the UK. Notably, Medtronic obtained approval for 7+ years, meaning it will have pediatric
approval from the start in Europe. (In the US, 670G approval for 7-13 years just came on Thursday.) The EU
approval comes ~21 months following the September 2016 US approval for adults - a testament to FDA's
remarkable leadership in automated insulin delivery. (It's also possible Medtronic waited to secure the
pediatric label and to get manufacturing ready before submitting in Europe.) The 670G EU launch will also
bring the improved Guardian Sensor 3 outside the US for the first time; currently, Medtronic uses Enlite
Enhanced in the 640G and standalone Guardian Connect mobile CGM. Following 670G's EU rollout,
Medtronic will add Guardian Sensor 3 to Guardian Connect outside the US. This 670G EU launch puts
Medtronic ahead of competitors on AID: Diabeloop is planning for a late 2018 EU launch of its hybrid closed
loop in only three countries (see Day #3); Insulet is taking over direct Omnipod distribution on July 1, though
Dash is not expected in Europe until 2H19 and AID with Omnipod Horizon is further out; and Tandem will
make its first EU sales in 2H18 following CE Mark of t:slim X2/G5, but there is no international timing on its
AID systems, Basal-IQ or Control-IQ.

Pipeline Updates: Non-Adjunctive CGM, No-Calibration CGM

The ADA Briefing also gave some new pipeline updates not shared at the early June Analyst Meeting: a PMA
for a non-adjunctive CGM claim will be filed "this year" (unclear if calendar or fiscal); a clinical trial for a
Medtronic no-calibration real-time CGM will happen this year with a planned launch within two years
(presumably Harmony); talks are ongoing with the FDA to run a trial for a seven-day wear infusion set, with a
goal to start before the end of this fiscal year (by April 2019); Medtronic's Envision Pro (formerly iPro3;
launch by April 2020) will be blinded, fully disposable, no-calibration, and Bluetooth-enabled (single-use data
transfer, like Libre Pro). Management confirmed the next iteration of 670G will add Bluetooth, with
"eventually smartphone control" (the Analyst Meeting implied those could come together).

Guardian Connect Pricing and Telehealth/Remote Monitoring

We also heard that Guardian Connect will be priced somewhere between Dexcom G5/G6 and FreeStyle Libre.
Management reiterated the power of Sugar.IQ and that Medtronic has "1,000" people resources in the US that
it can leverage to drive Guardian Connect (we assume this is reps + clinical).
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Sheri Dodd, the new VP of the Type 2 (Non-Intensive) Diabetes Business spoke for the first time in a diabetes
presentation, sharing plans to combine the telehealth/remote monitoring in Medtronic Care Management
Services with professional CGM. She'll continue to lead both businesses. Her slides talked about risk
stratification and figuring out the best tools to care for patients with comorbidities - definitely a stronger
Medtronic move into broader type 2/prediabetes care.

CGM and BGM

Oral Presentations: Glucose Monitoring-Advances, Pitfalls, and Clinical
Relevance

Efficacy of a Novel Interim Intervention Technique (IIT) with Retrospective Flash
Glucose Monitoring to Improve Glycemic Control

Akshay Jain, MD (LMC Diabetes and Endocrinology, Toronto, Canada)

Dr. Akshay Jain (LMC Diabetes & Endocrinology) detailed the successful implementation of an interim
intervention technique (IIT) using Abbott's FreeStyle Libre Pro in India. Given limited resources, the
investigators sought to determine if one intervention during a single 14-day blinded professional CGM session
could drive patient outcomes - think of this approach as a cheaper alternative to running one professional
CGM, contemplating, then running another. 105 type 2 adults with A1c >7% - on oral agents and/or insulin -
and no previous history of CGM use were recruited. During the first visit, participants were evaluated by an
endocrinologist and initiated with FreeStyle Libre Pro. Participants returned within one week for a data
download (i.e., halfway through the 14-day sensor wear). Individualized dietary and pharmacotherapy
modifications were discussed, and patients were shown how specific food choices correlated with their
glycemic excursions. Less than a week later, participants returned for a final evaluation once the 14-day wear
was up. Incredibly, in just 14 days, all outcomes improved significantly: Daily average glucose dropped from
191 mg/dl t0 137 mg/dl (an ~1.3% estimated A1c/GMI reduction); time-in-range increased from 42% to 80% -
a whopping +9 hours/day!; time <70 mg/dl decreased from 6% to 1% (-1 hour/day); and time >180 mg/dl
decreased from 52% to 18% (-8 hours). Importantly, ITT seems to be particularly effective in reducing
hypoglycemia. A sub-analysis of 27 patients identified to have recurrent episodes of hypoglycemia pre-IIT
revealed the intervention drove a significant increase in time-in-range (66% to 87%; +5 hours) and a dramatic
decrease in time <70 mg/dl (21% to 2%; -4.5 hours), without any significant increase in hyperglycemia. These
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results are downright spectacular, and show the incredible potential of low-cost intermittent CGM used in
clever ways to change the lives of people with diabetes in resource-poor (and rich) locales. Could this sort of
intervention be deployed at the level of primary? We wonder how durable the improvements were, or if
patients would require follow-up CGM sessions to regain habits learned in the initial 14 days. Dr. Jain did
mention that many participants managed to maintain their dietary recommendations because of the visual
impact from the retrospective CGM tracings.

▪ How many of the patients were on MDI? How many were just on basal insulin? This
question won't exit our minds, as we look at the incredible 80% and 87% time-in-range figures. Our
instinct is to say that most of the patients were on orals, but then again, some were experiencing five
hours of hypoglycemia every day (or is this Libre Pro overreporting hypoglycemia, as the FDA label
indicates?). One possible explanation is that many of the individuals were over-prescribed insulin or
sulfonylureas at first and were down-titrated by their physicians.

▪ Dr. Jain acknowledged that many patients were prevented from signing on for a
repeated trial due to financial constraints - in India a doctor's visit alone ranges from
$5-$15, and the FreeStyle Libre Pro costs $40 (we believe the patient is responsible for
the entire cost). Based on the huge improvement in glycemia, we see this as an approach ripe for
philanthropic investment (after confirmatory trials). What if, for example, every pregnant woman
had a single Libre Pro and clinic visit early on in pregnancy to set her on a path to avoid
hyperglycemia? How much good for public health would this be!

Real-World Assessment of Sugar.IQ with Watson-A Cognitive Computing-Based
Diabetes Management Solution

Huzefa Neemuchwala, PhD (Medtronic Diabetes, Northridge, CA)

In a highly-anticipated oral, Medtronic Global Head of AI and Digital Health Dr. Huzefa Neemuchwala shared
the latest batch of Sugar.IQ data from 256 530G/Enlite + MiniMed Connect users between April-August 2017.
Relative to baseline metrics, Sugar.IQ conferred a 36-minute/day improvement in time-in-range (+2.5%-
points), a 30-minute/day decrease in time >180 mg/dl, and a 6-minute/day decrease in time <70 mg/dl (all
statistically significant). Though these are fairly modest by closed loop standards, the Medtronic press release
notes the impact: 36 minutes per day translates to over nine additional days per year in-range! Participants in
the study also experienced 1.22 fewer high episodes (>180 mg/dl for >120 minutes) per month and 0.95 fewer
low episodes (<70 mg/dl for >20 minutes) per month. Dr. Neemuchwala noted that all of the users benefitted
from 530G's low glucose suspend feature through the baseline and experimental arms of the study, likely
masking what could've been a more marked improvement at the low end of the glucose range. The implication
is that MDI users who will be using Sugar.IQ in the commercial launch (with Guardian Connect) may see
greater reductions in hypoglycemia; we agree. During the course of the 31+ patient-years of use, Sugar.IQ
generated 655 insights related to hypoglycemia and 699 related to hyperglycemia. Notably, 231 of the 256
(~90%) users recorded at least two weeks of data, demonstrating a solid pattern of engagement, though we
wonder what the engagement curve looks like after that point (at least ~30% of all engagement with the app
came within those first two weeks). For context, the time-in-range data is almost identical to the 33-minute-
improvement in an n=136 subset of users, presented at DTM - time in hypoglycemia and hyperglycemia have
never been presented before, and episodes of hypoglycemia/hyperglycemia have previously been reported as
percent reductions, so direct comparisons aren't possible. For the limited learning launch of a novel app, we
consider these data to be very encouraging, and we see big potential for Sugar.IQ to drive Medtronic's
Guardian Connect CGM marketing and outcomes in the real world. More details and screenshots from the
presentation - including findings from giving some of the 256 Sugar.IQ users Fitbits, plus the glucose
prediction feature in the pipeline - below! Medtronic and IBM Watson posted a press release immediately
following the presentation, announcing the commercial availability of Sugar.IQ with the Bluetooth-enabled
standalone Guardian Connect CGM; see our coverage of the launch from prior to ADA here.

▪ Medtronic randomly gave 134 Sugar.IQ users Fitbits during the course of the study,
and discovered that glucose responses to meals and activity vary greatly. Each
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participant wore CGM for 50 days, wore a Fitbit for 47 days, and manually logged food for 12 days.
Not surprisingly, investigators found that when people had a recent meal and then exercised for a
median 45 minutes beginning with glucose in-range, there was an assortment of glycemic responses:
(i) In 799 cases, people remained flat; (ii) In 371 cases, glucose rose slightly (mean ~140 mg/dl)
toward the end of the exercise session; (iii) In 237 cases, glucose went above range (mean ~200 mg/
dl) at four hours; and (iv) In 163 cases, glucose went above range (mean ~220 mg/l) at two hours.
This data demonstrates the importance of personalization, as glucose responses vary greatly. We're
curious if a given individual is likely to stick to the same response to exercise or jump between the
four "bins" depending on internal and external variables, and how big an impact the type of exercise
has on glucose response (it could be that those who go above range are doing intense anaerobic
workouts or under bolused).

▪ Dr. Neemuchwala showed that users "like" insights more over time, a testament to
Sugar.IQ's ability to tailor them. In the graph below, the first insights are liked by ~80% of
users, while by the 18 insight, ~100% of users like them. We found the examples of helpful vs. not-th

helpful tips (as "liked" or "disliked" in the app) to be particularly interesting. Users found "I see that
on days when your sensor glucose is [between 80-100 mg/dl] at dawn, you tend to stay in target
more all day. I like this pattern!" and "I see that you tend to spend more than 80% time in target
[between 3-6 pm]" helpful. On the other hand, "I notice that [between 3PM-6PM], you tend to stay
in target longer when you've spent [more than 75%] time in target over the previous three hours.
Way to keep up a positive trend!" and "I notice that when you take [1-2] bolus(es) [between
6PM-9PM], you tend to spend more time in range. That's what I like to see." At first glance, there is
not a drastic difference between the two sets of insights, particularly because they are all pats-on-
the-back, but the differing responses could be chalked up to: (i) the most useful insights don't
require user action, while the least useful insights ask the user to keep up a good behavior or (ii) the
least useful insights are more specific and less simple. It could also be that the n=256 users comprise
too small a data set, and therefore the different ratings are an artifact. Regardless, it's awesome to
see this be a big focus of research and thought. Dr. Neemuchwala stated, "We don't want to overload
the individual with a lot of insights. It's not hard to come up with them, they're basically just
correlations. The hard part is to figure out which part to deliver at what time. If I'm driving and then
I go low, telling me that is more relevant than telling me what happened three days ago." He noted
that the logic behind who gets what insight and when is "fairly complex and rule-based"; it depends
on glycemic acuity (how urgent is the insight?), starts simple and then works up to more complex
insights, tailors to user preference and feedback, avoids repeating insights, and is internally
consistent with its insights (i.e., not contradicting itself).
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▪ Dr. Neemuchwala gave two awesome case studies of Sugar.IQ in action. In the first, a
woman discovered a "problem" meal - "natural peanut butter spread low sodium" - tracked the meal
using the glycemic assist feature, and learned how to manage it (image below). In the second case
study, a 63-year-old male who had had type 1 for 41 years found out through Sugar.IQ that his meals
were hyper-loaded with carbs on Fridays (40-55 grams per meal), which was causing him to spend
71% of the four hours following a bolus above range. After receiving the insight, the man began
logging lower carb meals on Fridays (20-30 grams per meal) and reduced his time spent above
range following a bolus to 39%. These cool anecdotes show the power of Sugar.IQ, but crucially
depend on users manually entering food data - how will patients engage with the app in the real-
world, beyond the limited learning launch? We're excited to see - we could imagine many coming
back to the app repeatedly to see what's new!
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▪ Dr. Neemuchwala showed new mock-up screenshots illustrating how the
Hypoglycemia Prediction feature (within four hours) could look in-app. We love the
sample alert, which reads: "Now 110 mg/dl. You are EXPECTED to experience a low within the next
4 hours." As for prediction accuracy, prediction accuracy is impressive with 90% for two hours in
advance, and 84% for four hours in advance, on average (based on CGM data from 10,000 type 1
users; measured as ROC AUC). These numbers seem like they would align with Medtronic's prior
claim of ~90% hypoglycemia prediction accuracy. Per the recent analyst meeting, Sugar.IQ with
Hypoglycemia Prediction is set to launch within the next year (by April 2019).
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▪ During an analyst meeting earlier this month, Medtronic announced that it would
launch forward-looking glucose prediction for MDI users "beyond" April 2020 - Dr.
Neemuchwala detailed "Glucose prediction research," which we assume to be the
same feature. The machine-learning model was trained on CGM data from 60 type 1s, tested on
CGM data from 20 type 1s, and validated on CGM data from another 20 type 1s. Every five minutes,
the glucose prediction algorithm predicts glucose four hours into the future. In the first set of data,
researchers pitted the algorithm's glucose predictions for the next four hours (from a set moment in
time) against the actual readings from modern CGMs - on the Clarke Error Grid, the algorithm was
able to lace 95.57% of all estimations in zones A and B, indicating good predictive power - though we
wish Zone A had been broken out, since it likely wouldn't meet where Zone A of current CGMs are
at. Of course this feature won't look too foreign to the DIY community, who already uses algorithms
to prognosticate future glucose levels, but we're excited to see Medtronic investing in bringing this
game-changing technology to the masses. One Drop separately announced a 12-hour forward-
looking glucose prediction for fingerstick users with type 2 not on insulin; see below for more on
that.
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First Assessment of the Performance of an Implantable CGM System through 180
Days in a Primarily Adolescent Population with Type 1 Diabetes

Ronnie Aronson, MD (LMC Diabetes and Endocrinology, Toronto, Canada)

Dr. Ronnie Aronson (LMC Diabetes & Endocrinology) presented full results from a study of Senseonics'
180-day Eversense XL CGM conducted in a primarily pediatric population (n=30 adolescents, 6 adults),
headlined by a very strong MARD of 9.4% vs. YSI. The mean age in the study was 17 years overall; the average
adolescent age was 14 years, and the average adult age was 32. Importantly, accuracy showed a "nice
consistency," with no degradation over the very impressive six-month duration (see below). 83% of the
readings were within 15 mg/dl (in hypoglycemia) or 15% (in hyperglycemia) of the reference value, and 93% of
readings were within zone A of the consensus error grid. Participants demonstrated a median transmitter
wear time of 23 hours/day, showing very strong adherence to the unique form factor in a young population.
As Dr. Aronson pointed out, given that the transmitter is easily removed, the high wear time provides strong
evidence that the device is comfortable and perceived as useful by young patients. To this end, 82% of
participants "agreed" or "highly agreed" that the Eversense XL was easy to use, and 90% "agreed" or "highly
agreed" that the mobile app was easy to use. The vast majority of participants (90%) indicated that they liked
the ability to display glucose readings on a smartphone - as a reminder, Eversense is smartphone-only display
(no receiver). Importantly, no serious adverse events or infections were reported. A few mild skin reactions
occurred but were resolved within two to eight weeks of sensor removal; one patient experienced a limited
skin reaction to the adhesive. Preliminary results presented at ATTD showed 78% of the sensors made it to
the full six months without having to be extracted. Of the eight sensors that were removed prior to 180 days:
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one participant withdrew consent one day after insertion; one participant's sensor was removed at 93 days
due to connectivity issues; and there were six early sensor replacement alarms after day 130. We're excited to
see the first signs of expanding Eversense into pediatrics, as we think this population could massively benefit
from the unique features and form factor of the six-month wear sensor. It's unclear where the Health Canada
regulatory submission process stands (for adult and pediatric), as well as whether Senseonics intends to
pursue the 180-day indication directly in this geography.

▪ As a reminder, the 90-day Eversense was just approved by the FDA on the eve of ADA
for adjunctive use in adults (18+ years) with two fingerstick calibrations/day. The
180-day Eversense XL received its CE mark in September and is now available in all OUS markets
except South Africa. Senseonics plans to have the entire existing OUS userbase converted to the XL
by the end of the year and expects to begin recruitment for a US XL clinical trial this summer. The
jump from 90-day implantation to 180-day implantation (plus potential "reduced calibration" in the
US) could be very meaningful for the value-add here over traditional CGM, particularly younger
users.
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Symposium: Role of Continuous Glucose Monitoring in Diabetes Treatment

Continuous Glucose Monitoring-Overview, Key Learnings to Date, Appropriate
Candidates, and Special Circumstances

Irl Hirsch, MD (University of Washington, Seattle, WA) and Anne Peters, MD (University of
Southern California, Los Angeles, CA)

In back-to-back talks, Drs. Anne Peters and Irl Hirsch shared fascinating CGM case studies,
with a greater-than-usual emphasis on the benefits of CGM in type 2 diabetes. Noted Dr. Hirsch,
"CGM can be very helpful in type 2 diabetes." Two striking cases stood out: professional CGM helping to
identify an inaccurate Medicare-provided BGM (!) in one of Dr. Hirsch's 85-year-old type 2s, and CGM-driven
food choice changes resulting in multi-point A1c reductions. Many of Dr. Hirsch's patients with type 2
diabetes on CGM "have made major changes in lifestyle," one of the "most interesting things" he's seen so far.

Dr. Peters added, "I put CGM on anybody I can - prediabetes, type 2 diabetes, type 1 diabetes - both
professional and real-time CGM. It helps me manage my patients." Dr. Peters noted that CGM's benefits are
"harder to show in trials," especially in type 2s with less risk of lows. Indeed, Abbott's REPLACE study in type
2 insulin users with a high A1c did not drive as much efficacy as many had hoped. Dr. Peters added that there
is little data on use of CGM in type 2s overall - and especially in those not on insulin - which drives less robust
clinical guidelines recommendations. (Of course, this will improve as the products are used and designed in
smarter ways for type 2, as software helps drive lifestyle change (e.g., meal photos + CGM), and more studies
happen.) On the product front, both offered quite balanced views on what's available, including mentions of
Dexcom's G6 ("quite accurate" in Dr. Peters' early experience; read diaTribe's test drive), Senseonics'
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Eversense (approved before ADA), MiniMed 670G in 7-13-year-olds (the pre-ADA approval was "a big deal, a
real big deal," in Dr. Hirsch's view), and Tidepool (Dr. Peters: "I love Tidepool for looking at data, it makes my
life so easy"). Abbott sponsored the session with an unrestricted educational grant, and though many of the
cases focused on FreeStyle Libre, it was balanced on studies and honest product commentary. See below for
highlights on some pretty unique cases - 670G in down syndrome, Medicare G5, recurrent DKA from daily
marijuana use to treat neuropathy, death from severe hypoglycemia while on CGM - and more.

▪ Several audience members mentioned FreeStyle Libre's accuracy in Q&A, questioning
the 9.7% MARD and noting over-reading hypoglycemia and sensor errors. Most of the
questioners seemed to be from outside the US, which makes us wonder about the one-hour warmup
outside the US vs. 12 hours in the US - it's likely the US 9.7% MARD with a 12-hour warmup
meaningfully improves real-world accuracy. Drs. Hirsch and Peters also rightly pointed out that a
meter is a not a gold standard, making "true" accuracy impossible to measure in real-world use. We
completely agree!

▪ Professional CGM identifies an inaccurate offshore meter: An 85-year-old man, with type
2 diabetes with an average glucose of 185 mg/dl, checking with fingersticks 2.5 times/day, and a lab-
measured A1c of 11.8%. When he was put on CGM, the A1c was consistent with the CGM-measured
average, far higher than the meter average. Dr. Hirsch discovered the Medicare-provided meter was
reading consistently low!

▪ Use of real-time FreeStyle Libre in type 2 diabetes. A 68-year-old man (retired surgeon) with
type 2 diabetes for 20 years; on basal-bolus insulin, metformin, and empagliflozin; an A1c around
9% for 10 years; and coronary artery disease, hypertension, and dyslipidemia. After three months of
FreeStyle Libre, his A1c dropped 1.6% (baseline: 9%) to an average glucose of 153 mg/dl and time-
in-range of 72%. Dr. Hirsch: "I see this over and over. What did he do? He changed his food. He
wasn't eating bagels and drinking juice and cereals. Nobody is more excited about new medications
than me. But as we've moved to new diabetes medications, we've lost sight of fact that diet and
exercise has such a huge role" This has also proved true anecdotally as we've shared Adam's book,
Bright Spots & Landmines, with many type 2s and people with prediabetes.

▪ MiniMed 670G use in a type 1 with down syndrome. Dr. Hirsch showed a case of using
hybrid closed loop in a type 1 with down syndrome. Time in Auto Mode on the 670G was only 67% of
the time; "I want him over 80% of the time, and would really like over 90% of the time." Dr. Hirsch
noted the 46% bolus, 54% basal split, offering the ability to strengthen the insulin:carb ratio (more
aggressive). In his clinic's experience, 670G users need only 40-45% as basal insulin. Dr. Hirsch also
shortened the active insulin time, as we've heard others do. We were so moved by Dr. Hirsch's
commitment to this person with such significant special needs.

▪ Medicare-covered senior moves to Dexcom G5 once covered: This individual was on CGM
and always had A1c's in the 7%-range, but aged out when he went on Medicare - driving an A1c rise
to 8.5%. On the trace from fingerstick data, he ran high overnight, given fear of lows without CGM.
Dr. Peters got him on the Dexcom G5 Medicare as soon as it was available. He is now down to an
average glucose of 146 mg/dl, with a much higher percentage in range and a higher basal rate
overnight (more safety). Most importantly, he says, "I feel better. I feel like I'm in more control."

▪ Recurrent DKA from daily marijuana use to treat neuropathy (in hospital at least once a
month). Dr. Peters shared the puzzling case of someone experiencing DKA recurrently, with no clear
cause. She put the patient on CGM and ultimately concluded it wasn't directly diabetes-driven DKA;
rather, DKA episodes came from vomiting after daily use of marijuana to treat peripheral
neuropathy. Once the patient stopped smoking, the vomiting stopped, the DKA ceased, and A1c
came down to 6.8% This served as a cautionary tale for the audience: "It is helpful to look at old
records and listen to patients." What a puzzle!

▪ Severe hypoglycemia death while on CGM. Dr. Peters shared this tragic case of a type 1 with
"unbelievable variability … no matter how much we tried, we could not get her to give insulin in a
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way that was rational." Her husband, who also has type 1 (they met each other at diabetes camp)
took on a lot of her management, Dr. Peters said. The woman had three to four severe lows every
week, and when her husband to leave for an overnight trip, the woman passed away from severe
hypoglycemia while sleeping. Dr. Peters showed the CGM trace - a long period low, followed by a
massive spike over 400 mg/dl (presumably a last-ditch counter-regulatory response), followed by
death and a period with flat-line low glucose. Reflected Dr. Peters, "Obviously we cannot prevent all
severe hypoglycemia and death. Probably one to two times per year I have a patient that dies from
severe hypoglycemia. This isn't trivial - over-dosing on insulin. I cannot stop them. Even this
woman, whose husband had taken over, could not leave her for long." We salute Dr. Peters for being
so candid about what must be the absolute low point of any diabetes specialist's job.

▪ Libre vs. Dexcom - how do Drs. Peters and Hirsch decide what to prescribe? For
somebody who has clear hypoglycemia unawareness, Dr. Hirsch prefers Dexcom for the alerts/
alarms and sharing (especially at night). He noted that "Nobody has ever compared hypoglycemia
outcomes between the two," though we'd note Dr. Nick Oliver's iHART CGM study did do this - with
Dexcom coming out on top, unsurprisingly in our view. Dr. Peters does like alarms for those with
lows, but lets patients decide - they are the ones wearing the device, she says. She added that part of
it is coverage - Libre is much less expensive for those paying out of pocket, but in California, it is
"less well covered." If patients are paying out of pocket, she uses Libre because it is less expensive.

Practical Considerations for Implementing Continuous Glucose Monitoring in the
Clinical Setting

Davida Kruger (Henry Ford Health System, Detroit, MI)

In a morning CGM session, Henry Ford Health System's Ms. Davida Kruger and IDC's Dr. Rich Bergenstal
discussed the economics, infrastructure, and process of implementing CGM in a clinic. Ms. Kruger shared that
her clinic grossed $750,000 in revenue from >1,400 CGM data interpretations (both personal and
professional). She also discussed some of the measures that her clinic takes to enable such a workload.

▪ Ms. Kruger's clinic is a CGM data interpretation powerhouse: In 2017, it analyzed
CGM data from >1,400 patients (~30 average starts per week) on personal and
professional CGM, grossing $750,000 in revenue (and with a positive net profit). Wow!
These stats really put a face to Dr. Etie Moghissi's claim at AACE that CGM is "not a money-losing
proposition" - Ms. Kruger even pointed out that endocrinologists can get paid more for CGM than
for thyroid procedures, which is why it is important to stay on top of billing. Ms. Kruger herself sees
15-18 complicated patients every day, each on MDI or a pump - if they're not, and just taking
metformin, for example, then Ms. Kruger simply doesn't have bandwidth to see them. This sort of
complexity and volume hearkens to the importance of infrastructure for professional CGM
workflow, which Ms. Kruger discussed in detail: Her practice has 50 Dexcom G4 Platinum and 50
FreeStyle Libre Pro systems, assigned dedicated resources of people and (organized) space, sign-out
books for devices, secretarial support, a dedicated cleaning staff, EMR templates/smart sets for both
Libre Pro and Dexcom G4 Platinum initiations, and set procedures to maximize efficiency (e.g.,
patient starts device in the clinic, drops off/mails the device 7-14 days later, medical assistant
downloads the data, NPs do most of the interpretation, and then calls the patients). We would love
to see experienced teams from clinics with established professional CGMs like Henry Ford's do
rounds at clinics looking to begin their own program - establishing this workflow is non-trivial and
certainly went through a great deal of trial-and-error. Ms. Kruger also had a fair number of notable
quotes in her talk; see the following bullets.

◦ "For my money, if I put professional CGM on someone, I want them to see the
data. It's not my diabetes; give the patient more data!" This was wonderful to hear
and so inspiring. She later specified that she lets the patient decide and will often
recommend real-time CGM for people engaged in their diabetes and will benefit from
seeing the data (also because the only real-time professional option available, G4 Platinum,
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requires fingerstick calibrations). At the end of the day, she pointed out that Libre Pro is
great for some patients, while G4 Platinum is great for others: "When Libre Pro became
available, we thought our Dexcom needs would go down, but it just doubled our number of
total systems. The people we didn't think Dexcom was right for could go on Libre Pro."

◦ "In 2018, reimbursement should not be the thing holding you back from
wearing CGM." This was great to hear from someone on the front lines (who also
happens to be a research star)! She cited Medicare coverage of therapeutic CGM, and
hopes for Medicaid coverage in her native Michigan soon. The latter is quite spotty and
something Dr. Anne Peters brought up - California still doesn't have statewide Medicaid
coverage for CGM although over 30 states do overall.

◦ Regarding Medicare coverage, she recommended documenting
requirements for CGM coverage - MDI/pump, four SMBG/day, etc. -
in the charts of Medicare-age patients, even before requesting CGM.
As a follow-up, she strongly advised against requesting CGM from Medicare until
the patient has met the coverage criteria, because there's a chance that after a
first denial, coverage won't be granted in the future.

◦ "In my clinic, we move people from professional to personal - we want them
to know what they're getting so we do professional first." We love this approach,
and wonder how many other clinics are reliably using it! It also suggests professional CGM
will be a funnel for personal CGM, a big advantage for Abbott right now. Will Dexcom
launch a professional version of the current G6 or wait for the disposable gen one with
Verily? We can't wait to learn more on this question.

◦ "Though not approved by FDA, we use CGM in pregnancy or when women are
trying to become pregnant." Given that one in six experience hyperglycemia during
pregnancy (this source is said to be IDF Diabetes Atlas - that sounds like a very low
statistic given the number of women with gestational diabetes alone, to say nothing of high
birth weight infants), we firmly believe that every pregnant woman should be on CGM -
this would help detect and more aggressively treat hyperglycemia as soon as possible in
pregnancy (as well as hypoglcyemia and severe hypoglcyemia for those on insulin).

▪ In the midst of Q&A, Ms. Kruger also relayed speculation that Dexcom professional
CGM will move to no fingersticks. Though we are not surprised by this news - given the no-cal
G6 - Dexcom has never discussed its professional CGM plans publicly (and, in fact, almost never
talks about professional CGM or its pipeline). Ms. Kruger didn't say more on when this iteration
could launch, nor on the hardware configuration. It is possible that she could be referring to a
professional CGM based on G6 hardware - with a reusable transmitter and disposable sensor -
though we find it more likely that Dexcom would wait for the Verily gen one sensor (fully-
disposable, potentially 14-day wear, with the G6 sensing platform). According to Dexcom's 1Q18 call
in May, the gen one Verily CGM is in "validation and verification." A clinical trial of 14-day G6 wear
in 2H18 could open the door for both an expanded indication for G6 (from 10- to 14-day wear), and
for the gen one Verily sensor. There hasn't been a firm timing update on Verily gen one in quite a
while - it was last slated for a late 2018/early 2019 launch as of JPM in January. However, the more
recent February call said timing depended on G6's FDA path - G6 has now received clearance from
FDA, but a 14-day G6 study will need to be conducted first. We look forward to hearing public
updates from Dexcom on its next professional CGM play, since this side of the company's portfolio
hasn't been updated for the better half of a decade (in stark contrast to the personal CGM side),
while Abbott seems to be doing well with Libre Pro, and Medtronic is investing significantly here.

◦ A factory-calibrated, 14-day, fully-disposable Dexcom professional CGM
would have a similar profile to and could be very competitive with Abbott's
FreeStyle Libre Pro. Dexcom's future professional product might still be toggle-able
between real-time and blinded and might still have alarms, which would differentiate it
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from Libre Pro. At the same time, Abbott is working on a real-time CGM with alarms to
incorporate into Bigfoot's Loop automated insulin delivery system, and we could envision
them building out a personal and professional platform off of this base too. The biggest
opportunity for Dexcom in advancing its professional CGM pipeline is to reduce cost,
which many attending CDEs/NPs cited during Q&A as a reason for putting their patients
on Libre Pro. Ms. Kruger noted that her clinic receives transmitters for free because of the
bulk of their purchases (and can often stretch them for up to a year), but G4 sensors still
cost ~$20 more each than Libre Pro sensors - the lower-cost Verily platform could push
Dexcom closer to parity with Abbott's pricing and change prescribing dynamics
significantly.

◦ An OUS launch of Medtronic's Envision Pro (rebranded from "iPro 3") is
expected by April 2020 per the company's recent analyst meeting. Medtronic's
ADA Analyst Briefing said this will be blinded, fully disposable, no-calibration, and
Bluetooth-enabled (single-use data transfer, like Libre Pro.

Best Practices for Interpreting Continuous Glucose Monitoring Data

Richard Bergenstal, MD (International Diabetes Center, Minneapolis, MN)

Dr. Bergenstal outlined IDC's nine steps for interpreting CGM data side-by-side with a patient (see bullets
below). He also overviewed a number of CGM rules of thumb, consensus guidelines, and hot topics: (i) At
least 14 days of data is desirable for making treatment decision; (ii) the goal is to get glucose profiles "narrow,
flat, and in-range"; (iii) the abbreviation GMI (glucose management indicator) has been proposed to FDA and
the diabetes community as a replacement for eA1c - "stay tuned to see if it ultimately flies"; (iv) MiniMed
670G pivotal data - 72% time-in-range, 6.9% A1c, 3% <70 mg/dl, 25% >180 mg/dl, is a good starting point for
targets in his view (this is new "broad" guidance from Dr. Bergenstal - see what 15 other diabetes experts
think in a late 2017 diaTribe article "CGM and Time in Range: What Do Diabetes Experts Think About
Goals?"); (v) There is a ~0.4% A1c drop for every 10% increase in time-in-range - "you need to know about
that correlation, because patients will ask for it" (this is also new); and (vi) Aim for coefficient of variation
(CV) ≤36% (Monnier et al.) or standard deviation (SD) < mean glucose divided by three. See the following
bullets for IDC's process of navigating an AGP report with a patient, and a sample marked-up AGP below:

▪ 1: Check for adequate data (as close to ~14 days as possible). "Don't spend a lot of time if
there's no data."

▪ 2: Mark up the AGP, noting factors that may affect the management plan. "Just print it
out and write some stuff on it. Like to know a little bit - how old is person, do they have type 1 or
type 2 diabetes, for how long, do they have known CVD, how much do they weigh (that helps with
dosing insulin), and their eGFR. Include these little things right in front of me." Dr. Bergenstal also
asks the patient when they wake up, eat breakfast, lunch, dinner, snack, and put medications and
other contextual information under the profile.

▪ 3: Ask the patient, "What do you see?" Listen. Notably, every speaker in the session
underscored this approach. Said Dr. Bergenstal, "Usually you walk in and they're already talking
about it - they know why they went high at lunchtime."

▪ 4: Look for patterns of low glucose levels. Dr. Bergenstal usually "treats the cloud," referring
to the AGP's lines denoting the lower 10% decile and the upper 90% decile of glucose. In 15-minute
visits, he typically bases therapeutic adjustments on this AGP picture (especially if the 10/90 lines
dip low), and will only verify with the daily snapshot reports if he has time.

▪ 5: Look for patterns of high glucose levels.

▪ 6: Look for areas of wide glucose variability. Dr. Bergenstal boiled variability down to timing
and amount. Timing refers to insulin/meals, weekend/weekday, snacks, exercise, and stress;
amount refers to insulin, the insulin:carb ratio, and exercise intensity. "Anything to reduce the
variability makes the other therapeutic changes more effective."
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▪ 7: Compare to past AGP and reinforce successful strategies. "We never go back enough -
we can show that we changed something and it worked. Maybe it also brought up a new issue, but
we're treating that now."

▪ 8: Get an action plan.

▪ 9: Copy the AGP for the patient and the EMR.

Posters

Fourth-Generation Glucose Sensor with an Advanced Algorithm Featuring No
Calibrations and Optional Calibration Modes of Operation (936-P)

Taly Engel, Peter Ajemba, Jeffrey Nishida, Keith Nogueira, Benyamin Grosman, Andy Tsai,
Yunfeng Lu, Ashley Sullivan, Andrea Varsavsky, Northridge, CA

This poster shares the first early data on Medtronic's factory calibrated CGM development efforts in an n=31
study. Accuracy of a fourth-gen sensor and new algorithm was tested for "up to 7 days," comparing algorithms
requiring two fingerstick calibrations per day (current approach), one calibration per day, and zero
calibrations. The data were evaluated retrospectively, and 80 sensors were tested in each group. Overall
MARD vs. SMBG values was 10.9% with no calibrations, 9.2% with one calibration, and 9.3% with two
calibrations. %20/20 was also a solid 87% without calibration, 92% with one calibration, and 91% with two
calibrations per day. Day 1 MARD was 12.7% with no calibrations, 11.8% with one calibration, and 12.0% with
two calibrations. Mean sensor life was only six days, a clear area for Medtronic to improve on. See the
complete data in the table below. The no-calibration 20/20 accuracy does not look good enough to meet the
iCGM standard at this point, as we'd assume the lower-bound of the %20/20 confidence interval dips below
87%.

▪ We'd note several critical study caveats: (i) it only included n=4 people with type 1, n=17 with
type 2, and n=10 without diabetes - critical context, since fewer glucose fluctuations in the latter
populations would improve accuracy (% of points in different glucose bins was not shared); (ii) The
accuracy comparator was SMBG - not YSI - though over 2,000 paired points were included in each
arm; and (iii) the data were evaluated retrospectively.

▪ That said, these data certainly suggest Medtronic has an R&D pathway to a no-
calibration CGM to compete with Dexcom's G6 and Abbott's FreeStyle Libre. Like G6,
Medtronic's no-calibration algorithm will accept an optional calibration - e.g., in cases of sensor
inaccuracy. The poster also notes that no factory calibration code is needed, an improvement over
Dexcom's G6 and on par with Abbott's FreeStyle Libre. Medtronic technically calls the system "self
calibrating," as its approach compensates for various factors (e.g., sensor-to-sensor variability,
subject-dependent sensitivity changes over time) and combines multiple independent sensor
glucose calculation units.

▪ This appears to be the Harmony sensor mentioned at Medtronic's 2018 Analyst
Meeting - expected to launch within the next two years (by April 2020). At its ADA
briefing, Medtronic said this sensor will enter a clinical trial this year. From here, Medtronic will
need to demonstrate strong accuracy vs. YSI, test in broad glucose ranges, ensure manufacturing can
dramatically limit sensor-to-sensor variability, and ideally get to 10-day sensor life.
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▪ Study methods and calibration details: "An advanced algorithm was developed for a
fourth-generation CGM system to determine system performance with the elimination
of BG calibrations. The new algorithm uses electrochemical impedance spectroscopy and other
measurements to self-calibrate the sensor and adjust CGM system sensitivity. Self-calibration
adjusts for potential sensor-to sensor variability, as well as subject-dependent sensitivity changes,
over time. It was designed to not require self-monitored (SMBG) input, but to accept calibration at
any time to optimize CGM performance. It contains multiple independent sensor glucose (SG)
calculation units that implement a distinct model of interstitial glucose that accounts for differences
in response caused by sensor-dependent and time-dependent nonlinearities. The design approach is
particularly useful during the post-sensor insertion period and during period of hypoglycemia. Each
dynamic model analyzed was selected for its unique pattern of strengths, which complement each
other to augment overall performance. The output of each model was combined to provide a final SG
value and a measure of confidence in the calculated value. Analytical accuracy (MAD) and relative
difference (MARD) and percentage agreement rates relative to an SMBG reference were
retrospectively evaluated in 31 subjects who wore a sensor on the arm connected to a glucose sensor
recorded for up to 7 days."

Accuracy Evaluation of the WaveForm Cascade CGM System Vs Dexcom G5
Sensors (81-LB)

M Rebec, E Anderson, R Dutt-Ballerstadt, A Haider, A Janez

An AgaMatrix poster depicted results from a head-to-head comparison of the WaveForm Cascade CGM vs. the
Dexcom G5. Seven-day MARD vs. YSI comparator were similar between the Cascade system calibrated once-
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daily and G5 calibrated twice-daily: 10.4% and 11.0%, respectively. Cascade MARD at 10 days was 10.9%,
showing sustained accuracy beyond seven days. Consensus error grid analysis over seven days of the Cascade
showed that 90% of data points were in zone A, similar to 93% for G5. The seven-day study was conducted in
Slovenia and included only 15 individuals (some with type 1, some with type 2; breakdown not specified), so
it's hard to know if they will hold up in a larger study. Still, these early results suggest Cascade may meet the
~9%-11% MARD that has now become industry standard in CGM. The poster also includes longer 14-day data
from clinical studies currently underway. Average MARD vs. YSI over 14 days is 11.9%, with individual per-
day in-clinic MARD vs. YSI reported at 12.3% on day 1; 10.6% on day 4; 11.2% on day 7; 11.8% on day 10; and
13.3% on day 14. The poster notes that further clinical studies to be included with CE mark submission are
planned for 3Q18-4Q18. An EU launch is expected for 1Q19. This timeline is delayed by about a quarter from
that shared in January, which planned for a CE mark and launch in 2018. At the time, Waveform also hoped
for clinical trials in support of PMA submission to begin "as early as 2019," with an IDE for the US planned by
the end of 3Q18; we assume that is back by at least a quarter at this point.

▪ Earlier in June, WaveForm licensed two OHSU hybrid closed loop control algorithms,
as well as OHSU's smartphone and cloud-based drug delivery platform iPancreas, in a
non-exclusive agreement. WaveForm has reportedly begun testing a hybrid closed loop system
consisting of Cascade, the OHSU algorithms, and a pump in May, with testing of its own "vertically
integrated' system (i.e., owning all the components) slated for 2019.
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Associations between A1C and Continuous Glucose Monitoring-Derived Glycemic
Parameters (899-P)

P Calhoun, T Johnson, J Welsh, T Walker, D Price

A picture is worth a thousand words with this poster. Data compiled from 530 Dexcom CGM users (455 type
1s) in the last two weeks of outcomes trials - DiaMonD Phase 1, DiaMonD Phase 2, Replace-BG, and HypoDE
- provides a look at the relationship between A1c and time in ranges. Based on the figures, mean glucose, time
>180 mg/dl, and time 70-180 mg/dl correlate strongly with A1c, while time <70 and <54 mg/dl do not as
strongly, confirming that A1c is more a measure of hyperglycemia than hypoglycemia. As for specific
numbers, median time-in-range for subjects with A1c <6.5% was nearly 75% (~6% of time <70 mg/dl), while
time-in-range for subjects with A1c ≥8.5% was <40% (~1% of time <70 mg/dl, >20% of time >250 mg/dl).
Patients with high A1cs did spend less time <54 mg/dl, but the median time was <20 minutes/day for all
groups. As the blue box on the right points out, >90% of subjects had an A1c value <7.0% with: (i) mean
glucose <140 mg/dl; (ii) >80% time 70-180 mg/dl; or (iii) <2% of time >250 mg/dl. These could offer great
benchmarks for CGM goals - more granularity to help patients lower their A1c. For more on the relationship
between A1c and CGM-derived metrics, see Dr. Roy Beck's 54-page slide deck from a talk he gave at The
diaTribe Foundation's ATTD 2018 Art Walk in Vienna - this is the single most comprehensive resource
exploring these relationships that we know of!
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Cost Calculation and Adherence to ADA Recommendations Based on a Flash
Continuous Glucose Monitoring System for People with T1DM or T2DM Using
MDI Therapy (69-LB)

R Hellmund

An interesting analysis from Abbott concludes that FreeStyle Libre is cheaper than SMBG for people on MDI,
whom the ADA recommends take 6-10 fingersticks per day. Assuming $0.60-$1.42 per strip (based on
manufacturers' list prices and a discounted price for strips) and adherence to ADA's fingerstick frequency
recommendations, per-person-per-month (PPPM) pricing for SMBG ranges anywhere from $108-$426.
Assuming each FreeStyle Libre sensor costs $36, discounting the cost of the reader, and incorporating 0.5
fingersticks per day for type 1s (based on IMPACT) and 0.3 per day for type 2s (based on REPLACE) with the
same pricing assumptions as above, FreeStyle Libre costs $117-$129 PPPM for type 1s and $113-$121 PPPM
for type 2s. Both of these tallies are slightly higher than SMBG when the assumption is six tests per day and
$0.60 per strip, but given the benefits of historical data and trend arrows, these additional $5-$9 PPPM are
well worth the investment in our view, assuming there is the possibility for a patient to pay (obviously in many
cases this is simply not possible). It is possible to obtain strips at a cost of $0.22 each without insurance (e.g.,
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Accu-Chek SimplePay program), which would put PPPM costs between $40-$66, significantly lower than
estimations derived from the poster's estimations. The authors also looked to the IMPACT and REPLACE
RCTs to calculate an "effective cost per scan." Assuming 15.1 scans per day in IMPACT and 8.3 per day in
REPLACE, the effective cost per scan in type 1 would be $0.24 and in type 2 it would be $0.43 (as noted, Libre
glucose monitoring also gives the user arrows and eight hours of historical data). Our back-of-the-envelope
calculations show that 16.4 scans/day would be necessary to achieve an effective cost per scan of $0.22. The
author notes that the high rate of scanning seen in IMPACT and REPLACE have been replicated (if not
exceeded) in large, real-world data sets (see Abbott's symposium in this report), and conclude that Libre CGM
is cost-effective relative to SMBG in people on MDI. The acquisition cost of SMBG may be lower than that
cited in this paper, the numbers still suggest that SMBG and FreeStyle Libre are at minimum cost-comparable
in many users, without even considering the decrease in hypoglycemia demonstrated by FreeStyle Libre nor
the long-term benefits in the form of (probable) diminished complications.

A Meta-analysis of Real-World Observational Studies on the Impact of Flash
Glucose Monitoring on Glycemic Control as Measured by HbA1c (72-LB)

A Seibold, S Ells, C Schlaeger, Z Welsh

This Abbott poster presented results from a meta-analysis of 17 studies (including IMPACT, REPLACE,
SELFY, etc.) reporting a mean effect of FreeStyle Libre use on A1c of -0.56% (95% CI: -0.76, -0.36). The
analysis incorporated data from a remarkable 1,338 participants (type 1: n=1,112; type 2: n=226), including
children, adolescents and adults, from real-world observational studies reporting longitudinal A1c data using
Abbott's FreeStyle Libre. The trials were weighted by inverse of variance observed (more consistency in A1c
effect => higher weighting in the meta-analysis). The investigators found substantial heterogeneity between
trials, much of which could be explained by differences in baseline A1c. The missing link in the meta-analysis
is outcomes beyond A1c, and especially hypoglycemia. The IMPACT study of FreeStyle Libre in type 1s seems
like a major drag on FreeStyle Libre's effectiveness in this analysis, since patients using Libre saw mean A1c
rise from 6.7% to 6.9% (+0.2%; the greatest increase of any of the studies presented), given the profound level
of hypoglycemia they had at baseline (more than three hours per day). However, the "quality" of A1c was
improved markedly: Patients using Libre spent ~49 minutes fewer per day <55 mg/dl (a 50% reduction;
p<0.0001) and ~33 minutes fewer per day <45 mg/dl (a 60% reduction; p<0.0001). It was a similar story in
the REPLACE study of FreeStyle Libre in type 2s with a high baseline A1c, as both Libre and control SMBG
users had mean A1c reduction of 0.3% - a finding attributed in part to differences >65 years old.

▪ No significant differences were observed based on length of study, type of diabetes, or
children vs. adults. The latter observation is particularly important, as it suggests that both adults
and children can equally benefit from the A1c improvements associated with the FreeStyle Libre.
Abbott has submitted a pediatric claim for FreeStyle Libre to FDA; Libre is already approved down
to four years-old in Europe.
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Budget Impact Analysis of Self-Monitoring of Blood Glucose vs. Flash-Continuous
Glucose Monitoring in Intensive Insulin Users with Diabetes Type 2 Covered by
Medicare and Medicaid (142-LB)

M Stueve and Y Zoellner

A poster from a J&J-employed lead author determines that the reimbursement costs incurred to CMS for
FreeStyle Libre is 12x-greater than that from SMBG at a fingerstick frequency of 3.7 times/day - it suggests
that reimbursement should be focused on the type 2s that will benefit the most, and that "on cost-
effectiveness grounds, SMBG remains the rational and obvious choice." The poster bases calculations off a
target population of 663,742 adults with type 2 diabetes on intensive insulin therapy and a patient-paid co-
pay of 20% for all devices. The cost of SMBG to CMS is $180 per patient per year (~$0.50/day), the poster
claims, compared to $2,156 incurred per FreeStyle Libre user per year (a difference of $1,976 per year, or
$5.41 per day). At these figures, CMS would spend the same amount covering 12 patients on SMBG for every
one on FreeStyle Libre. The poster also says the technologies would break even at a consumption of 44 SMBG
strips per day. This analysis makes a good point about the relative cost differences between the technologies,
and we'd acknowledge that REPLACE didn't show an improvement in the primary outcome of A1c reduction.
That said, REPLACE did show improvements in hypoglycemia (including time <45 mg/dl), suggesting that
FreeStyle Libre could lead to huge cost savings from (i) a reduction in hospitalizations and (ii) a lesser degree
of fear of hypoglycemia, and therefore more aggressive diabetes management. We are not all that surprised to
see this analysis, especially since FreeStyle Libre's pricing at ~$8 per day via CMS reimbursement for
therapeutic CGM is nearly double its ~$4-$5 retail price per day. But at the end of the day, people on insulin
(and insulin secretagogues) should be equipped with the technology to see where their glucose has been and
where it's going - this will surely benefit CMS in the short- and long run. Perhaps the bigger question is who
should use SMBG - and how often - as standard of care moves to CGM …
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Sustained CGM Use in Low Income Youth Following Insurance Coverage (1390-P)

P Prahalad, B Buckingham, D Wilson, and D Maahs

It's well-documented that cost and reimbursement are two of the biggest barriers to CGM adoption, so what
happens when low-income youth finally get access to CGM? According to this retrospective study, they stick
with it. 78% of lower socioeconomic status youth who started on CGM continued to use it at six months, and
those individuals who stuck with it wore it consistently (13.3 days out of a 14-day period). These data come
from the first 40 children at the Stanford pediatric diabetes clinic to be approved by California Children's
Services (CCS; a supplemental state medical insurance for low income children with chronic medical
conditions). The children had a mean age of 12 years and a diabetes duration of six years, a surprisingly high
65% were on pumps, 67% were ethnic minorities, and 15% were non-English speakers. Notably, of the eight
children who stopped wearing CGM, two were due to lapses in insurance coverage, meaning only six dropped
due to personal preference. Mean A1c was stable at 8.2% in those who continued at six months (no change),
and those who continued spent just over an hour per day (4.3%) <70 mg/dl. Skeptics might point out that
Stanford is one of the best places for pediatric diabetes care in the world and can offer top-notch clinical and
psychiatric support for children and adolescents starting on CGM - this is true, of course, but patients are still
on their own outside the clinic, and thus we still find the data quite illuminating overall. On-body form factor
and the hassle(s) of wearing devices are still a barrier for some, but the number one factor remains the ability
to pay and obtain insurance coverage. We hope to continue to see great work supporting this point, as well as
counteracting the notion that the status with which someone was born should influence the quality of medical
care they receive.

Real-World Flash Glucose Monitoring in a Developing Country (75-LB)

LE Calliari, Y Xu, S Jangam, G Hayter, T Dunn

This Abbott poster compared glycemic outcomes associated with FreeStyle Libre use in Brazil (n=8,979
readers) vs. worldwide (n=237,747 readers), confirming that use of the device in a developing country yields
similar behavior and results as in the rest of the world. Daily scan rate was significantly (but only slightly)
higher in Brazil than the average for all countries (13.5 scans/day vs. 13.2 scans/day; p = 0.002). Aligning
with previous FreeStyle Libre real-world analyses, increased scanning frequency was linked with improved
glycemic outcomes. In Brazil, those who had the lowest number of scans/day (4.2 scans/day) spent
significantly less time in-range (70-180 mg/dl; 13.5 hours/day), compared to the highest average scan group
(34.2 scans/day) who spent 16.2 hours/day in range (p<0.001). Worldwide data were very similar. The trend
held for time-in-hyperglycemia (>180 mg/dl), which decreased from 9.2 to 6.4 hours/day (p <0.001) between
scanning frequency groups in Brazil, and time in hypoglycemia (<54 mg/dl), which decreased from 33.3 to
30.0 minutes/day (p <0.001) in Brazil - the lack of a clinically meaningful impact on the latter make us
wonder how time <54 will change once next-gen Libre adds alarms? Comparable hyperglycemia and
hypoglycemia data were observed worldwide. The results translated to an estimated A1c decrease from 7.7%
to 6.8% in Brazil. The Santa Casa de Sao Paulo School of Medical Sciences and Abbott investigators concluded
that flash glucose monitoring is as effective in Brazil, as it is in the other primarily highly-developed countries
that have previously been studied.

Predicting Future Glucose Fluctuations Using Machine Learning and Wearable
Sensor Data (738-P)

C Panagiotopoulos, A Hayeri

An algorithm developed at Vancouver's BC Children's Hospital was able to predict glucose 30- and
60-minutes in advance with strong accuracy based on CGM and Fitbit (step count + heart rate) data in a small
pilot study with eight pediatric type 1s. The algorithm was trained on two weeks of patient-specific data,
validated for another week, and then evaluated for prediction accuracy, as measured by Clarke Error Grid
(CEG) analysis, over the next five weeks. During this period, predictions 30-minutes into the future were very
accurate: On average, 98% of values fell within regions A or B of the CEG (83% in region A), indicating that
they "will not lead to inappropriate treatment." Prediction accuracy deteriorated, but was still robust in the
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60-minute prediction horizon: 95% of values still fell within Regions A and B, though with a lower ~64% in
zone A. The model is currently undergoing further testing as the app DiaBits for iPhone (4.1/5 stars on App
Store from 35 ratings), with an Android app coming soon. From the looks of the screenshot below, Diabits
also tracks current and predicts future insulin and carbs "on board," similar to the DIY Loop app. Based on
the screenshot below, we assume the algorithm predicts future glucose using meal and insulin input.
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▪ One Drop and Sugar.IQ also discussed glucose prediction features at ADA. At
DiabetesMine's D-Data Exchange, One Drop shared bold new plans to launch a forward-looking
12-hour glucose prediction for type 2 users not on insulin in 3Q18; it is based on limited fingerstick
data. The feature may eventually support people on insulin as well. As for Medtronic/IBM Watson's
Sugar.IQ app, forward-looking glucose predictions for MDI users are in-development, with a launch
slated for "beyond" April 2020. Of course the DIY community has been predicting future glucose
and acting on it for some time now, but we'll be glad to see commercial products rolling this
important feature in. We think it could be quite significant for driving behavior change!

A Wireless, Integrated, Extremely Miniaturized Continuous Glucose Monitoring
System (930-P)

M Mujeeb-U-Rahman, M Nazari, M Sencan

A poster detailed high-level accuracy (in rats), warmup (in rats), and longevity (in vitro) data of Integrated
Medical Sensors' extremely small (smaller than a sesame seed at 0.1mm x 0.6mm x 3mm) implantable CGM.
With one calibration per day and what appears to be <25 total readings in the "normal to hypoglycemic range"
in rats, day one MARD was 8.6%, day three MARD was 8.6%, and day five MARD was 9.9%. In vivo results
also demonstrated a <two-minute lag time, as well as a minimal warmup (results began lining up with SMBG
at ~11 minutes, though the poster claims "no" warmup time). Finally, in vitro testing shows the device has
consistent sensitivity (glucose oxidase-generated current) past 30 days, and possibly up to 50 days - the in
vivo accuracy data showed MARD inched up to 9.9% by day five, so extended in vivo data will be needed to
support this assertion. We're also not sure when human testing will commence. See more on Integrated
Medical Sensors from ATTD.

▪ The (projected) ~$1/day implant can be inserted using a custom injector and removed
using a "simple procedure under local anesthesia." The device is powered by an external
wearable transmitter with RFID, and the transmitter uses Bluetooth to communicate with a
smartphone reader (i.e., similar form factor to Senseonics). Wound healing response and
histopathology studies indicate that the device is safe and biocompatible.

Use of the New Smartphone Application for Blood Glucose Monitoring (BGM)
with Information-Motivation-Behavioral Skills (IMB) Model Has an Impact on
Diabetes Control Parameters (925-P)

S Pardo, S Zhuplatov, J Wallace, T Bailey

In a six-week study of n=46 insulin users (76% type 1, 39% pumpers), Ascensia's Contour Next One BGM and
updated app proved usable (89% of subjects successfully synced meter blood glucose value meters with the
app) and decreased fructosamine levels (which correlate with blood glucose over the prior two-three weeks),
though it did not significantly decrease A1c (7.7% at baseline and completion), weight, BMI, or self-reported
mean daily insulin. The updated app - available in 24 countries as of May - incorporates glucose pattern-
recognition, reminder plans, and a glucose-insulin-carb overlay view. It uses the Information-Motivation-
Behavioral Skills (IMB) model of health behavior change to help the user achieve behavior changes that
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promote glycemic management. Use of the app caused fructosamine levels to drop significantly over the six
weeks (from 333 μmol/l to 323 μmol/l; p<0.0076), and post-hoc analyses showed: (i) a decrease in the
median number of "high" blood glucose measurements per day from ~six at the beginning to ~three at the
(p<0.0003; "high" threshold not specified); (ii) a statistically significant (but clinically insignificant) increase
in the mean fingersticks per week from ~4.3 to ~4.4 per day (p<0.001); and (iii) no statistical difference in
pre-meal, post-meal, or fasting glucose levels. Further on usability, 98% were able to access and interpret
blood glucose displays, and 100% were able to access and use the Smart Reminders feature in the app. That
fructosamine levels decreased while A1c stayed constant in the short study suggests that a longer study might
be required to see the full glycemic benefits of the app in this insulin-using population. We'd be interested to
see the app evaluated in other populations such as type 2s on basal insulin or orals, and possibly along with
CGM! Ultimately, the results of the study showed limited clinical impact, though the primary endpoint -
usability of the app and its new features - was met. The Contour Diabetes app currently has 2.7/5 stars on
Google Play from 822 ratings, and 2.5/5 stars on the App Store from 179 ratings.

Adults with Type 1 Diabetes (T1D) Using Continuous Glucose Monitoring (CGM)
Report Disease Has Little Impact on Daily Functioning-T1D Exchange (932-P)

L Fan, C Garey, J Liu, B Mitchell, J Bispham, A McAuliffe-Fogarty

In a real-world, prospective, 28-day, Lilly-sponsored study of n=98 type 1 CGM users (mean A1c: 6.8%)
recruited from the online patient community myGlu.org and T1D Exchange Registry, metrics of glycemic
variability were compared to patient-reported outcomes: insulin treatment satisfaction questionnaire (ITSQ)
and the work productivity impairment and activity impairment questionnaire (WPAI). A long-desired study,
we would have hoped the data could show how negatively treatment satisfaction and productivity is affected
by glycemic variability. Strangely, that is the opposite of what the study found. Insulin treatment satisfaction
surprisingly increased slightly as measures of variability and hypoglycemia deteriorated (i.e., more variability
had slightly higher treatment satisfaction). As presented in the poster, this relationship held for coefficient of
variation (CV; standard deviation divided by mean blood glucose), low blood glucose index (LGBI), percent
time <70 mg/dl, and daily hypoglycemia area under the curve (AUC) - see first picture below. Interestingly,
glycemic variability metrics were not associated with productivity. These results are obviously
counterintuitive to us: Ask most people with diabetes if they prefer to be in-range with low variability and
little hypoglycemia, and they'll say "yes." The counterintuitive data could reflect a few factors: (i) the cohort,
as demonstrated by low A1c, 100% CGM use, 88% pump use, and little baseline variability represents a very
engaged subset of the type 1 population, with low glycemic variability (CV: 36%), high baseline treatment
satisfaction already, and things mostly in control; (ii) the study population is willing to accept slightly more
variability and hypoglycemia to stay at A1c goal (time <70 mg/dl was 6% per day); (iii) given the population,
perhaps there wasn't enough difference between days to pick up a correlation between variability and
treatment satisfaction; and (iv) the ITSQ measure of treatment satisfaction may not be sensitive enough to
pick up changes or may not be the right metric. Still, we'd love to see more studies of this type - linking CGM
metrics to PROs - particularly in populations with higher A1c levels, those with more glycemic variability (CV
>50%), and those naïve to CGM.
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▪ We'd love to follow up with the cohort to: (i) ask them about their views on A1c and time-in-
range; (ii) track them over time and see whether changes in time-in-range correlate more closely to a
wider range of PROs. We'd also be fascinated to see a day-by-day analysis, with PRO metrics
overlaid on CGM modal graphs - when you have THIS kind of day, what is your satisfaction,
productivity, etc.?

◦ In a way, this could be a backdoor approach to validate time-in-range - show
that variability metrics correlate with quality of life, treatment satisfaction, productivity,
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etc. This didn't work here, but we're still hopeful that future studies could do so. Of course,
Dr. Roy Beck's presentation on the strong correlation between in-range glucose readings
and microvascular complications in the DCCT could also go a long way on the validation
front.

▪ Despite evidence that diabetes significantly reduces productivity on a population level,
glucose variability did not show any association with work productivity impairment or
activity impairment in this study. Although these results are not generalizable to the general
population since the study participants are likely more motivated and engaged with their diabetes
than most, it does suggest that technology can help minimize interference with daily life.

Three DarioHealth Posters in Type 2s: Reduction in Hyperglycemia (76-LB);
Decrease in Severe Hyperglycemia (77-LB); Decline in Average Blood Glucose
(78-LB)

Y Hershcovitz, S Dar, E Feniger

A trio of late-breaking DarioHealth posters revealed promising reductions in hyperglycemia and average
blood glucose over one year among type 2 diabetes users of the all-in-one Dario BGM device (headphone jack
meter + lancing device + strip vial) and app. Patient data was retrospectively analyzed from the Dario cloud
database during the entirety of 2017. In line with the move to population management and selling outcomes
(with strips as one tool), Dario recently announced the launch of tiered subscription plans, offering patients
access to "specialists" (coaches) plus unlimited strips and other supplies.

▪ 76-LB: A cohort of 17,156 type 2 adults saw a 19% reduction (from 28% to 23%) in proportion of
"high blood glucose readings" (180-400 mg/dl). At the same time, the proportion of "normal range
readings" (80-120 mg/dl) increased by 11% (from 26% to 29%), suggesting that the decrease in
hyperglycemia did not come at the expense of increase hypoglycemia. Interestingly, the most
significant shift occurred after one month of usage (a 14% reduction in high values) followed by
relatively stable measurements over the following months. Using 80-120 mg/dl is quite a tight
range, and we wonder what results would have looked like using the standard 70-180 mg/dl for
"normal range readings." The study was also notably lacking any analysis of statistical significance,
though given the high n, it's likely the results were significant.
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▪ 77-LB: Of 225 type 2 adults who "continuously" measured their blood glucose with the Dario BGM
for the entirety of 2017, the proportion of high readings (180-400 mg/dl) reduced from 23% to 19%
over the course of the year. Importantly, the proportion of severe hyperglycemia readings (>400
mg/dl) decreased by 58% (from 1% to 0.4%). No statistical analysis was provided to determine if the
decreases were significant.
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▪ 78-LB: Among 238 type 2 adults classified as "highly engaged" (>1 fingerstick/day - arguably a low
bar) and "high risk" (average blood glucose level >180 mg/dl in the first 30 days on Dario), average
blood glucose was 225 mg/dl at baseline, decreasing by approximately -15 mg/dl at three months
(-7%), -25 mg/dl at six months (-11%), and -32 mg/dl at 12 months (-14%). Of the 180 users (76% of
the total) who did decrease their blood glucose average over the year (i.e., a responders analysis),
mean glucose reductions were larger at -23 mg/dl (-10%) at three months, -37 mg/dl (-16%) at six
months, and -55 mg/dl at 12 months (-24%) from a baseline of 228 mg/dl. Again, these results are
encouraging, though we wish the investigators had provided statistical significance indicators.
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Oral Presentations: From Progression to Management in Type 1 Diabetes-
What Is New?

Timing of CGM Initiation in Pediatric Diabetes-The CGM TIME Trial

Margaret Lawson, MD (Children's Hospital of Eastern Ontario, Ottawa, Canada)

Dr. Margaret Lawson (Children's Hospital of Eastern Ontario) presented results from the JDRF-sponsored
CGM TIME trial, demonstrating higher CGM adherence in pediatrics when CGM is initiated at the same time
as pump therapy as opposed to after a six-month delay. The five-site, randomized controlled trial (n=144)
evaluated the number of hours per 28 days that pump-naïve children (5-18 years) with type 1 diabetes used
CGM over a span six-months. The study excluded those who had used CGM for more than 50% of the time
during the six months prior to the study. Those randomized to simultaneous initiation of CGM and pump
therapy spent an additional 2.8 hours/day wearing CGM during the final month of the study than those in the
delayed group. Significant differences in wear-time between the two groups were observed consistently and
(modestly) increasingly, beginning in month one. There were no significant differences in A1c, despite better
CGM adherence in the simultaneous start group (though it's possible hypoglycemia and hyperglycemia might
have been lower in this group). Females exhibited significantly higher adherence overall. Dr. Lawson noted
that there were unexpected differences in adherence by study site. In fact, she mentioned during Q&A that in
two of the five sites, "CGM was not used very well at all," despite implementing standardized education and
initiation protocols. Dr. Lawson is interested in further investigating the differences between sites to
potentially identify predictors of CGM success. We wonder how CGM adherence might change if pump
therapy was initiated six months later - especially as the field seems to be shifting toward a "CGM-first"
mindset, with growing MDI studies. Wearing a sensor would theoretical give pump-naive patients a better
understanding of their diabetes before handing them a tool to fine tune insulin delivery.

▪ We're not entirely sure why the investigators decided to include participants who had
used CGM in the past, rather than a completely naïve population. Was it to investigate the
behavior around trying CGM for a second time after low initial adherence? Of course, behavior in an
RCT is inherently flawed, so researchers might be better off studying real-world observational data.
Perhaps it also had to do with a shortage of enrollment with stricter exclusion criteria - CGM is
increasingly common in young children with type 1, at least in the T1D Exchange.

Data, Data, Everywhere and Not a Pattern to Be Found (Sponsored by the
Helmsley Charitable Trust)

Ambulatory Glucose Profile (AGP) - The Picture Says It All

Mary Johnson (Park Nicollet International Diabetes Center, St. Louis Park, MN)

IDC's Ms. Mary Johnson informed the audience of further momentum in AGP adoption, as IQVIA, Medtronic
(officially), Senseonics, and Ypsomed have joined the ranks of existing licensees - Abbott, Dexcom, Glooko/
Diasend, and Roche. Wow, what a victory for standardization in the field to see more players come on board,
and we'd note that many companies who haven't officially adopted the one-page standard AGP and glucose
metrics are still displaying glucose in similar fashions. It seems that a tipping point has come and passed, as
all major CGM companies, plus entities in data management and pumps, have signed on, all in the past two
years (the first inked contracts were announced at ADA 2016). Now that the standardized one-page intuitive
display is becoming ubiquitous, we look forward to next steps taking hold: Widespread education about best
interpretation practices (as outlined by Dr. Bergenstal at ADA) and progress in establishing benchmarks for
CGM metrics (time-in-range, hypoglycemia, glycemic variability). Many researcher/clinicians have
highlighted the MiniMed 670G pivotal trial's >70% time-in-range as a possible goal to shoot for, and a
Monnier et al. paper suggested ≤36% coefficient of variation represents "stable" glucose (though Dr. Irl
Hirsch and others prefers ≤33%, which is more simply stated as "SD should be less than one-third of the
average).
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▪ Ms. Johnson emphasized the long journey toward a standardized CGM reporting
system over the last six years and the broad support for the concept from
organizations like the ADA, AACE, JDRF, Helmsley Charitable Trust, AADE, ENDO,
and ATTD - indeed, we covered the HCT/IDC expert panel in 2012, followed by journal
publications in 2013. She then offered a detailed walk-through of the AGP in CGM, pump, closed
loop, and SMBG views, all of which are preferred by both patients and clinicians as an improvement
over previous CGM reporting interfaces, according to Ms. Johnson. She emphasized that patients
appreciate AGP's simplicity, effectiveness, and the fact that all of the needed information is found on
one page. As one caregiver put it, "For my daughter to see the graph vs. just numbers was a great
validation of what is happening from her choices." On the clinician side, providers appreciated the
clean design and efficiency of AGP. One rave review: "The glucose statistics, ambulatory glucose
profile, and daily glucose profile are fantastic! It saved me a lot of time to quickly identify the
patterns, trends, and issues."

▪ Ms. Johnson concluded her talk with practical tips for systematic interpretation of
AGP. The International Diabetes Center has created a clinician tool with a standard process to
guide clinicians in interpretation: (i) check for adequate CGM data (e.g., at least 14 days); (ii) mark
up the AGP with patient information and timing of insulin and food intake; (iii) ask the patient what
they see in the AGP; (iv) look for patterns of lows; (v) look for patterns of highs; (vi) look for areas of
wide glucose variability; (vii) compare to a past AGP and reinforce successful strategies; and (viii)
agree on an action plan with the patient.

Professional Continuous Glucose Monitoring - Avoiding Pitfalls and Optimizing
Outcomes

Patricia Knutsen (Washington University School of Medicine, St. Louis, MO)

Ms. Patricia Knutsen offered a glowing endorsement of professional CGM use: "The most fun I've had in 30
years of diabetes care is using CGM. It's the best thing we can do for patients. I almost feel like I'm cheating
because it's gotten so easy now. It's probably the best thing that's happened in my career." Compared to her
experience analyzing written glucose logs in the past, the first time she worked with an Ambulatory Glucose
Profile (AGP), Ms. Knutsen described feeling like she had "died and gone to heaven."

▪ She especially recommended the use of professional CGM in a handful of distinct
patient populations:

◦ Patients who are interested in CGM, but not quite willing to take the plunge.
For instance, these patients may be wary of adding another wearable to their diabetes
regimen on a long-term basis. Ms. Davida Kruger, in fact, said that every patient she sees
interested in CGM tries professional CGM first - "we want them to know what they're
getting so we do professional first," she said.

◦ Patients who don't qualify for a personal CGM. This may be driven by insurance
barriers.

◦ Patients who are trying to identify causes of specific issues in their diabetes
management. For example, patients who feel that they are hyperglycemic all the time
and respond by giving more and more insulin to no avail, and possibly with risk of
hypoglycemia.

◦ Elderly patients with a caregiver.

▪ In addition to the ease of use of professional CGM and the patient benefits, Ms.
Knutsen repeatedly underscored that professional CGM insertion, patient education,
and interpretation are all billable services and provided detailed descriptions of all of the
CPT codes related to professional CGM. The advent of Abbott's FreeStyle Libre Pro really elevated
the enthusiasm surrounding professional CGM to new levels. Words like "affordable," "profit,"
"cheating," and "easy" are regularly used to describe Libre Pro's implementation in clinics, and with
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improvements in Medtronic and Dexcom professional CGMs in the pipeline, usage and
demonstration of benefit will only grow in lockstep. We hope to see a study comparing professional
vs. real-time CGM in type 2 diabetes - who benefits from which one, and at what cadence should
each be deployed (e.g., quarterly, 24/7, etc.).

Blood Glucose Meter - Interpreting Clinical Data

Alison Evert (University of Washington Neighborhood Clinics, Seattle, WA)

Ms. Alison Evert took the stage to discuss how healthcare providers can best work with patients with diabetes
to encourage regular SMBG use, and how to best interpret this data for making treatment recommendations.
She stressed the utility of BGMs in providing an important, more time-relevant measure besides A1c in
driving therapeutic changes, but emphasized that data must be properly collected and organized to be useful.
According to Ms. Evert, blood glucose should be a vital sign used for people with diabetes - a tenet that is
actually the mission statement of Medtronic's type 2 diabetes ("non-intensive") business unit. Absent in her
discussion was exactly which patients she believes should be monitoring, and how frequently. For example,
data in type 2s not on insulin has been mixed - e.g., results from the SMBG study suggest that fingersticks are
extremely advantageous from an A1c reduction perspective, while the Monitor study showed no benefit of
testing on A1c nor on quality of life.

▪ Ms. Evert noted that simple benchmarks for measurements such as mean glucose
level and standard deviation can be used to make easy rules for patients to interpret
data. She has patients target a standard deviation less than half the mean blood glucose (SD x 2 <
mean BG level) - a looser benchmark (CV<50%) than that proposed by people like Dr. Irl Hirsch,
who aims for SD x 3 < mean BG level (CV<33%). Dr. Hirsch has said that SD x 2 < mean glucose is
the minimum amount of variability without having excessive hypo or hyperglycemia, though the
entire rule only really works for glucose means between 120-180.

▪ Ms. Evert also encourages patients to take quick pictures of the food that they eat so
they have food data on their smartphone, which they will obviously bring to their
appointments. We're all in on this approach, especially since the phone automatically time stamps
the photos. This is the whole philosophy behind apps like Meal Memory (no longer available, but
Dexcom hired developer Doug Kantor), the one currently rolling out in Onduo's launch, and one in
used in a Helmsley Charitable Trust-funded study at OHSU - we think the overlay of food photos
with blood glucose traces will be incredible for driving behavior change!

Symposium: Joint ADA/JDRF Symposium - Current Management of Type 1
Diabetes in Youth - What Are the Options?

Monitoring Glycemia in Youth with Type 1 Diabetes Mellitus-Meter Blood
Glucose, Continuous Glucose Monitoring, or Both?

Gregory Forlenza, MD (Barbara Davis Center, Aurora, CO)

The always-engaging Dr. Gregory Forlenza expressed some frustration with ADA's conservative CGM
guidelines, which he says underrepresent CGM's utility in patients beyond those who are not meeting
glycemic targets and those with hypoglycemia unawareness and/or frequent hypoglycemic episodes. If one
does not fall into either of these categories, he remarked, then insurance companies often decline coverage.
Based on our read of the ADA 2018 Standards of Care document, we were pleased to see a strong
recommendation for using CGM in type 1 adults (ages 18+, improved from 25+ in previous iterations) not at
glycemic target, though we fear (and Dr. Forlenza's account confirms) that some will take the corollary - CGM
isn't recommended for people who are at target - to be a highly unfortunate interpretation. CGM can certainly
be useful for anyone with diabetes - whether they are at target or not. The document also gives the statement,
"CGM may be a useful tool in those with hypoglycemia unawareness and/or frequent hypoglycemic episodes,"
a grade of "C" for strength of evidence - an incredibly weak vote of confidence, given the mounting data.
Digging deeper, ADA gives use of CGM in MDI- and pump-using children and adolescents a grade of a "B," a
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very positive update following DiaMonD, GOLD, and other studies. (ADA also endorsed CGM in people ages
65+ and gives a positive mention of CGM in "selected patients with type 2 diabetes," though also claims that
"Data indicate similar A1C and safety with the use of CGM compared with SMBG.") We agree with Dr.
Forlenza that the guidelines are limited and need to improve, though as the evidence base grows, that should
evolve in a positive direction - access obviously remains a huge issue in the meantime, though stronger
guidelines could certainly help with this. And even once coverage is obtained, said Dr. Forlenza, a new set of
limitations arises: Youth are often opposed to the feeling and aesthetic of wearing a device or may experience
skin reactions and adhesive allergies. As such, despite Dr. Forlenza's confidence in CGM as a superior glucose
monitoring method, he feels that the decision between CGM and BGM for a younger patient with type 1
diabetes is one that must be made as a team, with the patient, family, and provider all involved. These barriers
do of course loom, though an encouraging ADA poster from the Stanford pediatric group showed that, when
low-income youth finally get access to CGM, they stick with it.

▪ Despite the advantages conferred by CGM over BGM, Dr. Forlenza stressed that BGM
will remain relevant until access issues are resolved. With many countries lacking access to
even the most basic diabetes technology, ubiquitous CGM use worldwide remains many years in the
future. Of course, we're heading in the right direction with competition on the manufacturer side to
drive down cost - the fact that more than 1 million globally are on CGM now (>800,000 on FreeStyle
Libre, >270,000 on Dexcom, likely >150,000 on Medtronic). We hope that access will remain at the
top of industry's priorities in a world that is increasingly stratified by access to medical equipment
and care.

▪ A large majority of Dr. Forlenza's presentation was dedicated to dispelling the myth
that CGM is only good for temporal trends, while BGMs give you the accurate
moment-to-moment blood glucose value. He cited studies along the lines of DTS' BGM
Surveillance Program, showing that accuracy of many BGMs on the market is lacking considerably -
many have higher MARDs than CGMs! That being said, he maintained that the best BGMs currently
remain more accurate than the best CGMs, although CGM accuracy has been rapidly improving with
each generation over the past 15 years (and the value of trend arrows, alarms, and historical data
more than make up for slightly lower point accuracy). At the end of the day, Dr. Forlenza firmly
believes that CGM is a better therapy choice for young patients with type 1 diabetes than BGM.
Symposium: Tech and Teens

To Share or Not to Share, Do Teens Care?

Korey Hood, PhD (Stanford University, Stanford, CA)

Dr. Korey Hood presented the results of several behavioral surveys in which teens and young adults with type
1 diabetes reported the highest average A1cs, levels of diabetes distress, and number of barriers to using
beneficial diabetes devices such as insulin pumps and CGMs; young adults also reported the lowest rates of
CGM and insulin pump usage, perhaps contributing to (or more likely correlating with) their poorer
outcomes. In a self-selecting survey (n=1,503), adults with type 1 diabetes who participated in the T1D
Exchange clinic registry and had opted to provide an e-mail address to be contacted for research studies
identified which of 19 barriers they experience using diabetes devices, their level of diabetes distress on a scale
from one to six, and their attitudes towards diabetes technology and technology in general. The mean self-
reported responses are tabulated below:

Age Group A1c Diabetes
Distress

CGM Use Pump Use # of Barriers
to Using
Diabetes
Devices

18-25 years
old

8.21% 2.29 26% 64.1% 4.25
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26-34 years
old

7.44% 1.91 40% 69.4% 4.27

35-50 years
old

7.37% 2.00 44.5% 77.3% 3.72

50+ years
old

7.17% 1.89 48% 68.9% 3.12

▪ The primary modifiable barriers (not including cost or insurance coverage) to device
use for all participants were the hassle of wearing devices all of the time (47%), dislike
of having diabetes devices on their bodies (35%), and dislike of how diabetes devices look on their
bodies (26%) - as outlined in the group's excellent 2016 Diabetes Care paper. In order to increase
diabetes device uptake in young adults, Dr. Hood proposed determining an individual's device
readiness based on their age, diabetes distress, and technology attitudes, to match each patient with
personalized diabetes technology suggestions. In this model, a device profile would be generated for
a patient based on quiz responses, and general suggestions, such as which device to use and how the
patient should be educated, would be given. Dr. Hood gave even more context on the topic of
barriers to device use and the psychology of diabetes at Friends for Life 2018. Dr. Tanenbaum also
gave an excellent talk focused on clinician device-readiness profiles at ADA 2017.

▪ Dr. Hood emphasized that increased levels of diabetes distress seen in younger
patients are potentially due to body image. According to the study, teenagers identified that
not liking when people notice them wearing a CGM is a primary barrier to use. As such, Dr. Hood
suggested rules of engagement with teens that have diabetes including calm discussion, active
listening, and the establishment of windows when they do not have to share information.

▪ Individuals ages 35-50 and >50 years had the most positive attitudes toward general
technology and diabetes technology, respectively. With younger generations often thought
of as more tech-friendly, it was interesting to see that those aged 18-25 had the second lowest
general technology attitude score (25.22) and the lowest diabetes technology attitude score (21.74).
Those aged 35-50 had the highest general technology attitude score (25.65), and the oldest age
group, those >50 years old, had the highest diabetes technology attitude score (22.24).

Corporate Symposium: FreeStyle Libre Flash Continuous Glucose
Monitoring System - Clinical, Real-World, and Patient Perspectives
(Sponsored by Abbott)

Insights from Real World Use of Flash Continuous Glucose Monitoring

Ramzi Ajjan, MD (University of Leeds, UK)

University of Leeds' Dr. Ramzi Ajjan gave an early preview of a number of Abbott's ADA poster haul (many of
them late-breaking), plus the latest real-world data recorded from a remarkable 470,643 FreeStyle Libre
readers (!) from September 2014 to April 2018! The real-world data sets, demonstrating improvements in
glycemia with use of FreeStyle Libre, particularly with increased scanning frequency, always impress, but we
were perhaps most blown away by the late-breaker (74-LB) that looked at the efficacy of FreeStyle Libre Pro.

▪ Abbott's FreeStyle Libre real-world data set has now reached 470,643 readers - 4.8
billion glucose readings - and the correlation between increased scanning and
decreased hypoglycemia still holds! Estimated A1c ranges from 8.2% in those scanning ~4-6
times per day to ~6.9% for those scanning 20 times per day (and a bit lower for the ~5% of people
scanning 20+ times per day). Time <54 mg/dl drops as scanning frequency increases, with an
improvement of about 10 minutes per day from least scans to most scans. This is far and away the
biggest set we've seen, as the company presented data from 250,000+ most recently at ATTD. As of
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April, there were 650,000+ FreeStyle Libre users globally, implying Abbott has data from an
impressive 72% of users!

◦ The first real-world data for the US (n=7,979) suggest that the correlations between
scanning frequency and reduced A1c/hypoglycemia hold true on American soil. By the
looks of it (no statistical analysis), Americans may derive slightly greater benefit from more scanning
beginning at ~15 scans/day. Dr. Ajjan said there are a few possible explanations for the differently-
shaped curve plotting daily scans vs. time >54 mg/dl, though didn't delve into any. It may have to do
with better hypoglycemia management at baseline in the US, or simply an early adopter population
in the US that is different from the average global user.
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▪ (74-LB). Dr. Rich Bergenstal et al. conducted an analysis on sequential FreeStyle Libre
Pro use in the US (n=2,836 users), using clever methodology: They looked at the
results from a first FreeStyle Libre Pro, and then a second, when the first and second
were separated by a mean of five months. The authors broke the study population up by
baseline estimated A1c (eA1c) from the first sensor: One group had baseline eA1c >7.5%, and the
other had baseline eA1c ≤7.5%. The table below summarizes the glycemic outcomes (all significant).
Boiled down, individuals with baseline eA1cs/GMI >7.5% saw a 0.9% reduction in A1c, increased
time in range (+2.5 hours/day), and increased (but not exorbitantly) time in hypoglycemia (+30
mins). For this group, the mean tradeoff is an additional 2.6 hours in range in exchange for an
additional half hour below 70 mg/dl every day - depending on the patient and how deep that time in
hypoglycemia goes (<54 mg/dl?), Libre Pro is a good proposition. (It could also be over-measuring
lows, as the FDA label warns about.) On the flip side, those with baseline eA1cs/GMI ≤7.5% saw
decreases in hypoglycemia (-30 mins), a decrease in time in range (-1 hour per day) and a slight
increase in eA1c (+0.5%). The tradeoff here is ~30 minutes less per day in hypoglycemia, at the
expense of ~two hours more >180 mg/dl - once again, this could be a good proposition for some
patients, depending on their baseline magnitude of hypoglycemia and hyperglycemia though overall
the tradeoff seems less worth it in the second case (time in range went the wrong direction, after all).
All in all, however, we'd classify these results as encouraging, as they use a light Libre Pro
intervention to drive strong time-in-range improvements in high-A1c users. For those with a low
eA1c, hypoglycemia is reduced a bit, but the benefit seems fairly small in this study.

Sensor 1 eA1c >7.5% (n=1,681) Sensor 1 eA1c ≤7.5% (n=1,155)
Absolute Change in eA1c

(Sensor 1 -> Sensor 2)
-0.9%

(9.6% -> 8.7%)

+0.5%

(6.4% -> 6.9%)

www.closeconcerns.com 278

https://plan.core-apps.com/tristar_ada18/abstract/5188446740e191fd289345d56a783a79
https://www.jaeb.org/GMI/
https://www.jaeb.org/GMI/


Absolute % Change in
time in 70-180 mg/dl

(Sensor 1 -> Sensor 2)

+11%

(33% -> 44%)

-6%

(73% -> 67%)

Absolute % Change in
time <70 mg/dl

(Sensor 1 -> Sensor 2)

+2%

(2% -> 4%)

-2%

(8% -> 6%)

Absolute % Change in
time >180 mg/dl

(Sensor 1 -> Sensor 2)

-13%

(65% -> 52%)

+8%

(19% -> 27%)

▪ (71-LB) This late-breaker shows that coefficient of variation - standard deviation
divided by mean glucose, times 100 - decreases in near linear fashion as scanning
frequency increases in a population of 237,747 real-world FreeStyle Libre users.
Patients start deriving benefit from scanning, with respect to glycemic variability, at ~7-8 scans/day,
and the benefit improves from there. Curiously, CV is high at 41% at the low-frequency scanning end
of the spectrum, but only decreases to ~34% even in people looking at their glucose ~41 times per
day. Since each blue dot represents 5% of the population, 95% of the patients in the below tracing
appear to have CV >36%. Monnier et al. consider CV <36% to be stable, and Dr. Irl Hirsch aims for
<33%. From the Abbott 1Q18 call, we know that ~67% of global FreeStyle Libre users are type 1 -
still, such high variability in the bulk of the population indicates the need for decision support and
insulin automation.

◦ As a sidebar, we couldn't reconcile another figure in the presentation depicting time
in hypoglycemia and hyperglycemia broken out by % CV (≤36% and >36%) with the
above graph. The graphs show that individuals with CV ≤36% spend 90 minutes less per day <70
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mg/dl (54 vs. 144 min/day) and 2.5 hours less per day >180 mg/dl (7.5 vs. 10 hours/day). That
makes sense - less hypo/hyperglycemia with lower glucose variability. However, the graphs claim
that 33% of the users (n=78,597) have CV ≤36% - this doesn't agree with the above graph, which
points to just 5% of the population having CV ≤36% (n=~12,000). We're not sure which numbers
are correct, but either way, the data show the benefits of FreeStyle Libre and having a low glycemic
variability.

▪ (70-LB) Dr. Ajjan presented a real-world analysis of hypoglycemia broken out by day
vs. night. Corrected for length of time (since daytime is longer than nighttime), users spend a
greater portion of nighttime ≤54 mg/dl. This is not shocking, as users can scan during the day and
do something about lows, but at night they do not receive alarms with the current device. As
expected, higher scanning frequency does translate to less time ≤54 mg/dl in both time frames.

Use of Flash Glucose Monitoring and the Ambulatory Glucose Profile in Clinical
Practice

Irl Hirsch, MD (University of Washington, Seattle, WA)

UW's Dr. Hirsch emphasized that scanning frequency is paramount to success on FreeStyle Libre, sharing
that he advises his own patients to scan at least 10 times/day. Based on real-world correlational data
presented, 10 scans/day correlate roughly to an eA1c/GMI of 7.5%, ~30-minutes/day below 54 mg/dl
(FreeStyle Libre has been noted to over-read hypoglycemia), and a CV of 40%. 10 scans per day doesn't seem
to be associated with ideal outcomes, though it's worth noting that: (i) these correlations are based on the
worldwide user base (which has different characteristics than Dr. Hirsch's clinic); (ii) the hypoglycemia and
glycemic variability data could be overestimates; and (iii) Kellee Miller et al. showed that 10 fingersticks per
day - with no historical nor trend data - begets a ~7.2% A1c…we have to imagine those who scan 10 times per
day in Dr. Hirsch's clinic do better than the real-world correlations suggest, and we would love to see such a
benchmark analysis! Why did he choose 10 times/day? Theoretically, data from his practice supported the
recommendation. (In presentations to healthcare providers and patients, Adam has also noted that with 42
factors that affect blood sugar, staying in range on intensive insulin therapy really does need 10+ data points
per day or if a patient can't afford this, a very disciplined approach to diabetes management with little
variation.)

▪ For Dr. Hirsch, one of the most important uses of CGM is understanding the meaning
behind a patient's A1c. To this end, he finds the ambulatory glucose profile (AGP) absolutely
critical, while the additional glucometrics and individual daily details are also helpful. Through a
series of illustrative case examples, Dr. Hirsch highlighted the limitations of A1c, demonstrating how
a low value can often mask high levels of hypoglycemia; moreover, a low A1c may be artificially
suppressed from lesser-known factors like the presence of mitral valve prolapse. Dr. Hirsch
estimates that ~50% of the diabetes patients at UW clinics use CGM (notably, this is much higher
than the 24% national uptake reported in the T1D Exchange and quite high given the poor payer
geographic location he is in). He asserted that CGM is important for type 1 diabetes, type 2 diabetes,
and atypical diabetes, characterizing the technology as the "emerging standard of care." Hear, hear!

SELFY & IMPACT: Improved Clinical Outcomes in Teens and Young Adults

Kurt Midyett, MD (St. Luke's Hospital, Overland Park, KS)

Dr. Kurt Midyett (St. Luke's Hospital) presented compelling RCT sub-analyses in adolescents (13-17 year-
olds; SELFY) and young-adults (18-24 year-olds; IMPACT), making a strong case for the efficacy of FreeStyle
Libre in a traditionally tough-to-reach patient population. SELFY data in adolescents (n=24; mean age: 15
years-old) demonstrated time-in-range (70-180 mg/dl) to significantly improve from 10% to 11% (+1.2 hours)
after eight weeks of FreeStyle Libre use. Teens also achieved a significant 0.7% A1c reduction (baseline: 8.3%),
and decreased time >180 mg/dl from 13% to 11% (-1.7 hours). Importantly, these results were not at the
expense of hypoglycemia, as no significant differences in time <55 mg/dl were observed (time <70 mg/dl was
not provided). Dr. Midyett was most excited about the frequency of scans, which participants averaged nearly
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10/day - at baseline, teens were performing fingersticks on average six times/day, showing a marked increase
in engagement with their diabetes data. IMPACT data in young adults (n=11, mean age: 21 years-old) was
similarly impressive, showing time-in-range (70-180 mg/dl) to increase from 51% to 63% (+2.9 hours) at six
months of FreeStyle Libre use. Time <70 mg/dl dropped significantly from 11% to 9% (-0.5 hours) and
participants averaged 11 scans/day. Dr. Midyett emphasized that adolescents and young adults feel under
control with the FreeStyle Libre and find the device to fit well with their lifestyle - an "important psychological
factor" when attempting to convince patients to wear CGM. Ultimately, Dr. Midyett is thrilled to see his teen
and young adult patients, who had previously resisted managing their diabetes, using FreeStyle Libre to
engage with their data and dramatically improve outcomes. FreeStyle Libre is not yet approved for people
under 18-years-old in the US, though we might speculate the pediatric slant of the Abbott-sponsored session
could be preparation for a near-term approval.

Patient Perspectives on Flash Glucose Monitoring

Kelly Close, MBA (Close Concerns, San Francisco, CA)

Our very own Ms. Kelly Close posed a simple question in Abbott's FreeStyle Libre symposium: How can we
make CGM the aspirin of diabetes? Download her slides here. Though attendees were initially boggled, she
explained that aspirin is a widely-used, mass market product (50% of US adults took it in 2012), and it has a
plethora of use cases (CV protection, pain, fever, cold, swelling, and even colorectal cancer prevention). When
abstracted, those properties sound a lot like CGM, or at least a utopian vision of CGM. While CGM is not yet a
mass-market product - Ms. Close estimated that over one million people wear CGM today globally, a fraction
of all who could benefit from it - it could be, and it, too, has a plethora of uses. These applications range from
real-time CGM, professional CGM, closed loop, using CGM with human coaching, using CGM with contextual
text prompts to help the user identify the cause of glucose excursions, and even a mail-in professional CGM
analysis service. The list went on, and then Ms. Close turned to the other variable: Time. She argued that the
dichotomous view of CGM - real-time CGM worn 24/7 vs. professional CGM as much as a payer will cover - is
an over-simplistic view and might be selling the technology short. She showed a neat plot depicting a slew of
possible permutations of real-time and professional CGM - mixing and matching the two and using them at
different times. Our favorite was "the holiday plan," where real-time CGM is just used from October through
December. Though reimbursement is improving (Libre is now reimbursed in at least 28 countries), any
intervention less-intense than 24/7 real-time CGM would still be health-promoting, while reducing costs.
[Look no further than an incredible Indian FreeStyle Libre Pro study from ADA day #1.] The answer to
increasing CGM's penetration and making it a mass-market product like aspirin, said Ms. Close, is to better
understand patient heterogeneity and how each patient could best use CGM and be supported to derive the
best outcomes. She argued that the field's understanding of behavioral science - an enabler of effective CGM
interventions - is in its infancy, but improving every day, and that we have reached a "tipping point" in the
technology as it grows smaller, cheaper, more discrete, and easier to use. Ms. Close's talk left the audience
with food for thought: The question is no longer, "should the patient use CGM?" but rather "how can we best
match the patient to the type of CGM that is best for their care?" While she acknowledged that this question is
idealistic, since so many patients are still unable to access even BGMs, she said it should nevertheless be what
we strive for, since "everyone deserves to be using CGM (either real-time or intermittent)."

Corporate Symposium: The Rhythm of CGM (Sponsored by Dexcom)

Panel Discussion

Moderated by Dr. Max Gomez (CBS News Medical Correspondent, New York). Panelists: Lori
Laffel, MD (Joslin Diabetes Center, Boston, MA); Nick Oliver, MD (Imperial College, London,
UK); Davida Kruger (Henry Ford Health System, Detroit, MI); Patricia Gaye Knutsen (Barnes
Jewish Hospital Diabetes Center, Saint Louis, MO).

This excellent panel provided attendees with a wide-ranging conversation on CGM, including reflections on its
benefits, future, and barriers to use. All of the speakers predicted that CGM will become the standard of care
over the next several years, that CGM will become smaller and easier to use, and that we will (and must)
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become more adept at using CGM data to benefit patients. On the reimbursement front, Ms. Davida Kruger
happily stated that "overall coverage is good" with Medicare covering therapeutic CGM for intensive insulin
users, as well as almost all private insurance - though of course, Medicaid still does not in 17 states. Drs. Lori
Laffel and Nick Oliver discussed barriers to CGM use, including patients who prefer simplicity (though a
multiple fingersticks per day sounds more complex than CGM!) and patients who get alarm fatigue. They
emphasized the importance of positive first experiences with the technology as the key to long-term success
and adherence. That encompasses anything from setting appropriate expectations, to making sure the timing
is right (e.g., don't start a patient on CGM right after a major life change), and setting lax alarm thresholds to
start, especially for those who are worried or complained about them. All panelists were adamant that just
about everyone could benefit from CGM usage, and that there are no absolute contraindications to its use. The
panel was also in consensus about the improvements in quality of life that people with diabetes (and
especially parents of children with diabetes) enjoy once they start using CGM, particularly with having less
fear of nocturnal hypoglycemia ("parents can finally sleep again") and less work performing numerous
fingersticks. They also discussed how CGM empowers patients to more easily connect behaviors to glycemic
outcomes, describing it as a "light going on" that inspires patients to improve their self-management. Dr.
Oliver also noted that alerts provide immediately actionable prompts, which can be life-saving.

Quotable Quotes

▪ "The frontier now is not the device or how to use it. It's what to do with the data." - Ms.
Kruger

▪ "Every technology and development before required more work from patients - pump
changes, fingerstick calibrations, constant worry. But now for the first time, advances can take away
some of the work of diabetes." - Dr. Laffel

▪ "Once they're on it, they can't imagine what they'd do without it." - Ms. Knutsen

▪ "Sometimes I feel like we're cheating." - Ms. Knutsen

▪ "First use is the best time to learn to do it well." - Dr. Laffel

▪ "Real-time data is a behavior change agent. Retrospective data is not." - Ms. Knutsen
[Editor's note: We agree that real-time CGM is highly preferred for driving behavior change,
assuming access is possible. Retrospective review - identifying trends related to days of the week,
times of the day, meals, etc. - can be valuable too as a behavior change tool, but can be harder to
extract.]

▪ "I think that in the next few years the mounting evidence of benefits of CGM will make
it the standard of care." - Dr. Oliver

Diabetes Mine D-Data Exchange

FDA's Dr. Courtney Lias on iCGM pathway, AID integration

Courtney Lias, PhD (FDA, Silver Springs, MD)

FDA's Dr. Courtney Lias reviewed the exciting integrated CGM (iCGM) 510(k) pathway that came with
Dexcom's G6 clearance, including clarification on how a pump company will integrate multiple iCGMs - e.g.,
Tandem. Her comments echoed JDRF/HCT's AID Interoperability Meeting, but they took on additional
relevance after pre-ADA approval of Tandem's t:slim X2/Basal-IQ as the first pump with iCGM compatibility
(only Dexcom's G6 for now). We've been wondering: if Senseonics obtains iCGM designation for Eversense,
what is the process for Tandem integrating that sensor into Basal-IQ? Dr. Lias clarified that when an iCGM is
cleared in the future, Tandem would evaluate if they want to claim use with it, perform whatever
communication protocol/development work is needed, ensure its AID algorithm will work with the iCGM, and
add the new iCGM to their labeling. Notably, the FDA will NOT have to get a new submission for this iCGM
addition - Tandem can add new iCGM sensors to their pump without regulatory submission at all! In other
words, it won't quite be plug-and-play, as the onus is on the pump company to integrate the iCGM device and
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get the labeling - and in this case, Tandem would have to do some work, since G6 is a no-calibration system,
Eversense requires two per day, and the sensor wear lengths are obviously 10 days vs. 90 days. (Presumably
Senseonics and Tandem would have to work together in some capacity, but would not need a complicated
contract and no coordinated PMA submission.) Dr. Lias emphasized that the iCGM path does not require
factory calibration, and it does not mandate that a company connect with other systems - e.g., if an iCGM
company wants to remain closed and doesn't want to connect to another company, it doesn't have to.

▪ Dr. Lias concisely summarized the benefits of the iCGM pathway, which aims to
accelerate innovation, reduce regulatory hassle, and enable patient choice. Separating
the iCGM from the AID or other compatible device system will make upgrades/modifications more
efficient and reduce the need for duplicative regulatory submissions. It will also allow connected
systems to be updated more quickly and with a predictable process. Notably, it works for many
different business models, as companies can choose to be open or closed. Last, it will reduce the
contract hassle that stalled many pump/CGM regulatory efforts in the past. For more complete
comments, see our previous piece on iCGM here and Dr. Lias' JDRF/HCT talk here.

▪ Related to the FDA De Novo clearance of DreaMed's Advisor Pro software for
optimizing pump settings, FDA has posted the Special Controls for the new category of
"Insulin Therapy Adjustment Device" - read them here. They are much less specific than the
iCGM special controls, mainly focused on properly documenting inputs and outputs, software
validation and verification, etc.

Standing Ovation for Dr. Anne Peters Access Work at D-Data Exchange

Anne Peters, MD (USC, Los Angeles, CA)

Dr. Anne Peters received a standing ovation for her tireless, two-year crusade against the State of California to
obtain a CGM for a homeless type 1 with diabetes complications and significant hypoglycemia. The story
reflects the tireless, relentless champion that Dr. Peters is. Notably, we learned that Dr. Peters and colleagues
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have produced guides to help low-literacy individuals learn about diabetes technology. At the end of her talk,
she dramatically held up a huge shopping bag full of thumb drives with low-literacy manuals for diabetes tech;
we're excited to dig into them and will report back with more.

Symposium: Using Continuous Glucose Monitoring and Smart Devices to
Control Glucose when It Matters Most

Intensive Glycemic Treatment during Pregnancy

Helen Murphy, MD (University of East Anglia, Norwich, United Kingdom)

Norwich Medical School's Dr. Helen Murphy showed unpublished data from the CONCEPTT RCT of CGM in
type 1 pregnancy (n=215), and commented: "We can categorically say that CGM is associated with small
improvements in glycemic control, and a large reduction in neonatal complications. If you're not convinced by
those outcomes, we can argue to payers that the use of real-time CGM in pregnancy is likely to be cost-
effective." Yes! On the unpublished results front, Dr. Murphy presented a very functional data analysis, a
more sophisticated statistical technique which allows researchers to parse out where glucose levels are
significantly different between the control and intervention groups throughout the day. Overall, glucose is
significantly lower in the CGM group ~4.5 hours per day, with marked reductions in the post-breakfast and
the post-lunch periods (during sleep, the CGM group actually appears to run slightly higher). This analysis is
illuminating, since Dr. Murphy and other experts believe hyperglycemia correlates better with fetal outcomes
- 4.5 hours per day is quite meaningful. On the other end of the spectrum, Dr. Murphy noted that some people
have been disappointed that CGM was "seemingly ineffective" in reducing hypoglycemia. As a counter, she
pointed out that women in both arms actually had far less hypoglycemia than pregnant women in previous
trials. In fact, to generate enough statistical power to show a blunting of hypoglycemia in the study,
CONCEPTT would've had to enroll 1,000 women! Overall, Dr. Murphy was extremely positive on the study,
particularly in that the results were robust across all 31 international clinical sites with varying degrees of
technological expertise, and that the reductions in length of neonatal hospital stay and NICU admissions
could likely pay for the full-term of real-time CGM. As a reminder, Medtronic's older Guardian CGM drove a
significant reduction in the incidence of large for gestational age, fewer NICU admissions lasting 24+ hours,
fewer incidences of neonatal hypoglycemia, and one-day shorter length of hospital stay. These outcomes
stemmed from what Dr. Murphy said "you might consider modest changes in maternal glycemia": The
primary A1c endpoint showed a small -0.2% A1c advantage for CGM at 34 weeks. However, mothers on CGM
spent a significant 100 more minutes/day in range (68% vs. 61%), 72 fewer minutes/day in hyperglycemia
(27% vs. 32%), and a non-significant ~14 fewer minutes per day in hypoglycemia (3% vs. 4%). We were
surprised that Dr. Murphy didn't comment on the reduced usability and accuracy of the older Medtronic CGM
vs. newer versions on the market as a possible driver of less impressive glycemic outcomes.
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▪ Dr. Murphy announced a multicenter, pivotal RCT (AiDAPT - Automated insulin
Delivery Among Pregnant women with Type 1 diabetes) in 124 pregnant women, set to
begin in October. The 124 participants will be randomized to an automated insulin delivery group
and a control group on standard insulin pump/pen therapy, and the primary outcome is a narrowly-
defined time-in-target (70-140 mg/dl). Key secondary outcomes include obstetric and neonatal
outcomes, patient-reported outcomes and interviews, and importantly, cost-effectiveness. The data
follow up on feasibility study CLIP_03 (Closed loop in Pregnancy_03; n=16), which was published
in NEJM in 2016, and the follow-up day and night study CLIP_04, which Dr. Murphy called "more
impressive" than the very strong CLIP_03 results. In CLIP_04, day and night time-in-range (70-140
mg/dl) did not change significantly vs. SAP (62% vs. 60%), but hybrid closed loop did drive
significant reductions in two levels of hypoglycemia and the number of hypoglycemia events.
Specifically, time below ~63 mg/dl decreased from 2.7% to 1.6% (-16 minutes/day; p=0.02), time
below ~50 mg/dl decreased from 0.5% to 0.2% (-4 minutes/day; p=0.03), and number of
hypoglycemia events dropped from 12.5 on SAP to eight on closed loop (p=0.04). Additionally, 27 of
the 32 women from the CLIP studies opted to retain their systems through labor and delivery. At a
high level, 24 hours prior to delivery, time-in-range was 82%, time below target was 0%, there were
no hypoglycemia events >20 minutes, and mean glucose was ~124 mg/dl. 48 hours post-delivery
(1432-P at this year's ADA), the women spent an impressive 83% time in-range, 2.5% in
hypoglycemia, had 1.5 hypoglycemia events >20 minutes, and a mean glucose of ~130 mg/dl. There
were no severe hypos. These are very strong results, and Dr. Murphy added that the women loved
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closed loop - "we struggled to get the systems back from them after they gave birth." It's
heartbreaking from our view that they had to give the systems back - everyone with type 1 (in
particular) deserves CGM as standard of care.

▪ On a slide labeled, "Limitations of HbA1c in Pregnancy", Dr. Murphy proclaimed "we
can, in type 1 pregnancy, move beyond A1c." She showed a plot of A1c levels varying in a
predictable manner over the course of gestation - a long, slow dip from week ~nine to week ~25,
followed by a swifter uptick through week ~30. The only problem is that mean blood glucose within
each A1c line was constant - at a constant mean glucose, A1c drops and then rises in a predictable
and apparently consistent fashion. According to Dr. Bruce Buckingham, this is due to greater
erythrocyte turnover as the fetus grows - the mother produces more and more blood cells, skewing
the cell count younger and therefore with less time to accumulate glucose tags (and therefore show
up on lab A1c). Plus, Dr. Murphy emphasized that there is "absolutely no difference in CGM
accuracy during pregnancy, and that's shown across a variety of sensors. 9%, 10% MARD is more
than accurate enough. As a reminder, Abbott's FreeStyle Libre, Dexcom's G5/G6, and Medtronic's
Guardian Sensor 3 are not approved for use in pregnancy in the US, though notably, Abbott began
promoting a pregnancy indication in 18 European countries last summer.

▪ We were intrigued and excited to hear Dr. Murphy frame many of the benefits of CGM
and closed loop in pregnancy as equalizers to reduce center-to-center variability
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("modifiable variation," she called it) and improve outcomes on the population level.
This is exactly the kind of thinking and framing that could lead to payer buy-in!

Closed-Loop Systems for Type 1 Diabetes in Youth-Children Are Not Just Small
Adults

Jennifer Sherr (Yale University School of Medicine, New Haven, CT)

Yale's Dr. Jennifer Sherr shared unpublished T1D Exchange data showing the A1c benefits of CGM in type 1
diabetes. In the youngest sub-group (<13 years-old), A1c is 0.9% lower in CGM users than in non-CGM users
(7.8% vs. 8.7%). In adolescents to young adults (13-26 years old), A1c was 0.8% lower in CGM users than in
non-users (8.3% vs. 9.1%). Finally, in adults over 26 years old, A1c was 0.5% lower in CGM users than in non-
users (7.4% vs. 7.9%). This trend holds regardless of insulin delivery method (injections vs. pump) - a finding
Dexcom has used for several years now to emphasize CGM works regardless of insulin delivery method. Of
course, this data is correlational, and could reflect some degree of higher engagement, tech-savviness, or
socioeconomic status in CGM users. Still, the data point to an encouraging trend, which confirms outcomes
seen in a plethora of CGM studies. See our report of Dr. Roy Beck's talk at the T1D Exchange 2017 meeting for
trends of CGM use in the Exchange. The most important T1D Exchange metric, in our view, is trended CGM
penetration - the update from last fall put it at 24%, though we'd expect that to grow with four great CGMs in
the US in 2018.
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▪ Dr. Sherr also showed that use of pumps has increased from 57% to 63% since 2010. Of
course, this is the T1D Exchange, so broader use in type 1 is lower. This increase has been largest in
individuals under six years-old, but is relatively constant across age groups. We hope to see CGM
penetration this high in five years, especially as more pumps build in automation and CGMs
continue to improve in form factor, connectivity, and cost.
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Symposium: Diabetes Is Primary

What Every PCP Needs to Know about Diabetes Technology in 2018 and Beyond

James Chamberlain, MD (St. Mark's Hospital & Diabetes Center, Millcreek, UT)

In a very practical session aimed towards educating primary care providers on current diabetes tech offerings,
Dr. Jim Chamberlain (St. Mark's Diabetes Center) emphasized that "CGM is here to stay" and has "taken over
the type 1 diabetes world." In fact, Dr. Chamberlain opined that CGM will likely replace BGM "completely" in
the next five years, especially for those on intensive insulin therapy. While we firmly believe CGM is the new
standard of care and are elated to see uptake increase in those with type 1 and type 2 diabetes, things will need
to accelerate quite precipitously in the next five years to completely replace BGM - even in the US. T1D
Exchange CGM penetration stood at 24% as of data last fall at the best US type 1 centers, though with Libre
and Guardian Sensor 3 CGM penetration is likely higher now. Dr. George Grunberger recently estimated at
AACE that ~95% of people with diabetes are not on CGM, and expansion into developing nations will not be
easy. To this end, we're hopeful to see more patients at least using connected BGM so as to facilitate data
download. Dr. Chamberlain provided the example of the One Touch Verio Flex and One Touch Reveal App.
When analyzing data, Dr. Chamberlain advised attendees to consider not only the average blood glucose and
A1c, but also variability and time-in-range, denoting a "good" standard deviation as one-third to one-half of
the average blood glucose (Dr. Irl Hirsch frequently cites one-third as the desired upper limit, in line with
Monnier's work on a CV <36%.) He briefly emphasized the limitations of A1c, made especially clear by CGM
data. Dr. Chamberlain noted that he has a "handful of patients" using Companion Medical's InPen, which he
jokingly characterized as "a poor man's pump" (this is actually a big positive, considering InPen's ability to
deliver a pump's benefits in a lower-cost package). He was especially excited about InPen's ability to track
insulin on board, as well as the 0.5 unit dose increments. We can't wait for more smart pens and caps to hit
the market and scale, and are pleased to hear that providers are similarly enthusiastic. Dr. Chamberlain
briefly detailed the now two (!) automated insulin delivery systems approved in the US - Medtronic's 670G
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(now approved in those 7+ years-old) and Tandem's t:slim X2 pump with Basal-IQ and Dexcom's G6 iCGM
(approved in those 6+ years-old). Dr. Chamberlain mentioned that the 670G requires "quite a bit of training"
and acknowledged the practice of adding "fake carbs" as "fine, it's where we're at right now." He also noted
that he has two patients on DIY systems, admitting that they are "doing pretty well." We were glad to see a
session dedicated to informing primary care providers on diabetes technology - given that the majority of
people with diabetes do not receive their care from endocrinologists or diabetologists, many thought leaders
advocate for better incorporation of technology in the primary care setting.

▪ Dr. Chamberlain, who has type 1 diabetes himself, has worn Dexcom's G6 and Abbott's
FreeStyle Libre. He had to calibrate the G6 a few times during the first couple of days and
encouraged providers to warn their patients that some initial calibration may be necessary. He
found the Libre "very comfortable" and emphasized that patients must be informed that the system
lacks alarms. Read diaTribe's test drive of Dexcom's G6 here.

Symposium: Should All Pregnant Women with Type 1 Diabetes Use
Continuous Glucose Monitoring from Planning Pregnancy until after
Breastfeeding?

Pro and Con

Denice Feig, MD (Mt. Sinai Hospital, New York, NY), Elisabeth Mathiesen, MD (Center for
Pregnant Women with Diabetes, Denmark)

In an equal parts humorous and insightful debate, University of Toronto's Dr. Denice Feig and the Center for
Pregnant Women with Diabetes' Dr. Elisabeth Mathiesen went head-to-head on whether all pregnant women
with type 1 diabetes should use CGM from planning pregnancy until breastfeeding. Dr. Feig took the pro-
argument, commenting to a round of applause: "Maybe this topic shouldn't be debated because the evidence
is clear." Dr. Feig focused mainly on the compelling CONCEPTT data, showing CGM use in pregnant women
to significantly increase time in-range (+100 minutes/day) and decrease time in hyperglycemia (-72 minutes/
day). She acknowledged that 80% of participants reported problems with the sensor, although the study used
Medtronic's older Guardian CGM, and she maintained that more recent RCTs outside of pregnancy have
demonstrated improved use and satisfaction with use with other, newer CGM systems. Though not the
primary endpoint of CONCEPTT, the significantly improved neonatal outcomes were the headline: a 50%
reduction in large-for-gestational-age (LGA) newborns, as well as reductions in hypoglycemia requiring IV
dextrose and NICU admittances lasting >24 hours. To this end, Dr. Feig believes CGM is likely to prove cost-
effective, which her team is currently investigating. She noted that nine months of CGM use in the UK costs
~£1,500, the same as the expenses associated with just one day spent in the NICU. With more advanced
CGMs not requiring fingersticks, she pointed out, CGM costs will only decline. Moreover, she asked the
audience: "What price would you place on your baby to avoid a prolonged stay in the NICU?" Needless to say,
we and many others were moved. As her final argument, Dr. Feig provided a quote from a CONCEPTT
participant, which really does say it all: "It's like being completely blind and then having somebody open your
eyes… Managing my sugars without CGM is like driving a car blind-folded."

▪ Dr. Feig also made a strong case for CGM use postpartum and during breast-feeding.
During the postpartum stage, women require ~54% of their pre-pregnancy insulin
dose, while at the same time experiencing marked glucose variability. While breast-
feeding, women have to intake more carbs to prevent hypoglycemia. For all these reasons, Dr. Feig
asserted that CGM should be maintained through breast-feeding. As for those planning pregnancy,
Dr. Feig acknowledged that the CONCEPTT arm investigating CGM use in women planning
pregnancy did not find the A1c reduction to be significant; however, there was a clear positive trend,
and she believes this arm was underpowered. Ultimately, she argued that there is an enormous
amount of literature supporting the use of CGM in non-pregnant patients, so why not provide the
added benefit during pregnancy planning.
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▪ Dr. Mathiesen presented a counter-argument to CGM use in pregnancy. As her main
evidence, she cited a 2013 study (n=154; Secher et al.) evaluating intermittent, real-time CGM in
women with type 1 and type 2 diabetes during pregnancy. Participants were randomized to wear
CGM for six days at a time at weeks 8, 12, 21, and 33 of pregnancy in addition to routine care, which
included seven fingersticks/day, or to routine care only. A1c and hypoglycemia events were
comparable in both groups, with a tendency towards greater rates of LGA and preterm delivery in
the CGM group. In fact, when Dr. Mathiesen examined data from the per protocol users of CGM
exclusively (as there were high rates of poor adherence), there were even higher rates of LGA among
CGM users. However, Dr. Feig addressed this study during her presentation, reminding attendees
that intermittent use prevents reaping the full benefits of CGM data, and only 60% of participants
followed the protocol, leading to a small, underpowered sample size. Moreover, she finds A1c to be a
"lousy measure of glycemia during pregnancy," preferring time-in-range, as it more accurately
captures "what the fetus is facing." Dr. Mathiesen also noted that she was shocked to see that very
few participants in the study wanted to remain on the CGM. We're not too surprised though, given
that participants still had to perform seven fingersticks/day and only wore CGM for six days at a
time somewhat sporadically.

▪ Dr. Mathiesen also focused on the cost of CGM, pointing out that the expenses
associated with CGM use in 20 women are equivalent to the salary of one nurse. She
also asserted that there are extra costs due to increased doctor/nurse time - however, as one
audience member noted, CGM tends to massively reduce provider time, as blood glucose readings
are easily accessible and can be more quickly evaluated. Another of Dr. Mathiesen's concerns was
that CGM readers do not show glucose values from the last three to seven days, which are necessary
when looking to change a pregnant patient's insulin dose. She remarked that to view such data,
patients have to upload readings to a "computer program" and one would "have to be a nerd to do
that." This sounds like a strawman to us - to view seven-day retrospective data from most BGMs, a
"computer program" would also be necessary. She also advocated for more real-world data and more
than one RCT before making such a costly investment. However, as Dr. Feig opined during her
rebuttal, "why wait for real-world data when there is such a good and definitive RCT? Our patients
deserve it." Hear, hear!

Selected Questions & Answers

Comment: That was awesome, but it didn't change my mind. Most of my patients who are
pregnant with diabetes are using CGM in one form or another and I thought it was interesting
that you [Dr. Mathiesen] said it adds time to visits. In my clinic, it saves me incredible time. It
probably saves five minutes.

Comment: I've found CGM and mainly flash CGM to be so instructive to my patients in
pregnancy for the timing of insulin, modifying diet … it's almost been no-brainer. My real-life
experience is people with CGM just want to continue.

Q: What about CGM use in type 2 diabetes during pregnancy?

Dr. Denice Feig: I certainly think that it's possible all patients will benefit but we might need very large
numbers to show that. It's certainly worth looking into.

Dr. Elisabeth Mathiesen: It has to be cost-effective. The prices of sensors have to come down and CGMs have
to be simpler to use.

Dr. Feig: Helen Murphy had an uneducated patient who could hardly read or write and she just followed the
CGM arrows and did very well.

Q: If you couldn't give sensors to all of women during pregnancy, who would you give it to?

Dr. Mathiesen: I'd give to women with the highest risk of hypoglycemia and to the very poorly regulated
patients.

Dr. Feig: If I couldn't use it for everyone, I'd do the same. But I'd prefer to give it to everyone.
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Q: Do you think there is a place for using CGM in gestational diabetes?

Dr. Mathiesen: Save the economy, go for type 1 diabetes first.

Dr. Feig: I would agree, but I think there's still a place for research. We're assuming they won't necessarily
benefit. Type 1 diabetes would be my priority but I wouldn't rule it out for GDM.

Product Theaters

Introducing the New Dexcom G6-Simple, Accurate, Effective (Presented by
Dexcom)

Keri Leone, MS and Jake Leach (Dexcom, Inc., San Diego, CA)

Dexcom's standing-room-only G6 Product Theater provided details on how Dexcom factory calibrates the
sensor and a look at the two main pivotal G6 studies - now published in DT&T here (n=262, main pivotal
study, manual applicator) and here (n=62 auto-applicator study). The latter was interesting, as Dexcom is
marketing a G6 overall MARD of 9.0% - including 9.8% in adults and a strikingly low 7.7% in pediatrics -
based on the results of the smaller automatic applicator study (n=62). In the actual G6 user guide, table 1-A
on accuracy pools the manual applicator (n=262) and automatic applicator (n=62) studies together (n=324),
arriving at a slightly higher MARD of 9.8% overall, 9.9% in adults, and 9.6%-9.9% in pediatrics. Dexcom is
marketing the auto applicator data (table 10), as it is more reflective of the commercial product and probably
a "truer" reflection of the accuracy users would see. This makes perfect sense, though it is odd to us that the
data supporting this main marketing claim is buried in table 10 (while the pooled data in table 1-A is not a
focus). Some of the DT&T publications' stats - including %20/20 and %15/15 - did not line up exactly with the
G6 product label. Is this due to FDA analysis or some statistical difference (e.g., median vs. mean)? For
example, the FDA label says 93.5% of points are within 20/20 in the applicator study, while the publication
shares a higher 93.9% - that's a small difference but strange nonetheless and we're not sure which to use... In
any case, G6 is obviously a highly accurate factory-calibrated CGM, now codified in published studies and
verified in our real-world experience so far (see diaTribe test drive). We include pictures from the talk below
alongside the user guide tables.

▪ All G6 sensors have their individual performance assessed in the factory. Each sensor
has a set of specific characteristics, and Dexcom looks to bundle these characteristics
and assign a specific sensor code to each bundle. The information is converted to a four-digit
sensor code printed on the bottom of each sensor. Mr. Leach showed an example histogram of
sensors (see below), with different edges of the distribution getting different sensor codes. He noted
the sensor's manufacturing already results in a tight distribution with not much variability between
sensors, but the codes ensure better sensor-to-sensor performance and accuracy and less outlier
sensor performance. Since diaTribe's test drive and our initial Closer Look piece, the photo scan of
the G6 sensor code is working flawlessly and performance continues to be very strong.
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▪ "The first truly zero fingerstick CGM system that meets the FDA's most recent iCGM
standard." VP Jake Leach emphasized the iCGM standard a few times, highlighting the Thursday's
FDA-approved Tandem t:slim X2 with Basal-IQ/G6 and how iCGM will "accelerate innovation and
reduce regulatory burden for integrated systems. All of our partners in the insulin space are able to
take advantage of these new standards."

▪ Mr. Leach showed a slide with the Verily gen one sensor - confirming 14-day-wear,
factory calibration plans, and a single-use transmitter. No launch timing was shared, and
interestingly, the penny-sized gen two sensor was not shown - usually it appears on the same slide.
We're not sure if this is worth reading into, or simply caution in front of the HCP audience.
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Introducing a New Era in Glucose Monitoring-The Eversense Continuous Glucose
Monitoring System (Presented by Senseonics)

Katherine Tweden, PhD (VP Clinical Sciences, Senseonics), Steve Edelman, MD (UCSD, San
Diego, CA), Tim Bailey, MD (AMCR Institute, San Diego, CA), and Tobias Schulte (Eversense
User, Germany)

In its first-ever US product theater, Senseonics drew a standing-room-only crowd (three-deep!) to learn about
the freshly approved 90-day Eversense implantable CGM, on-body transmitter, and Android/iOS/Apple
Watch apps. As we noted just before ADA, Senseonics has FDA approval with an adjunctive label, two
fingerstick calibrations per day, 90-day wear, and for 18+ year-olds. Features mentioned in this product
theater that we did not emphasize: the mobile app is approved for both Apple iOS/Watch and Android (a big
win for Senseonics and underemphasized in the marketing); the transmitter lasts one year, takes only ~5
minutes to charge (e.g., while showering), lasts a little more than a day on a full charge, and battery status can
be viewed on the phone; the Eversense Now app for remote monitoring is also approved for sharing data; and
sensor lag time is under eight minutes. Following insertion, the sensor does have a 24-hour warmup (no
data), something we mentioned at the March Advisory Committee but did not mention in our FDA approval
write-up; given the 90-day wear time, this is only relevant four days a year. A highlight of the product theater
was hearing from Tobias Schulte, an Eversense user from Germany on his sixth sensor (three sensors inserted
in each arm). Eversense has had a hugely positive impact on his life as an endurance athlete - he's run 89
marathons! Tobias cited the on-body vibration alerts, the discretion ("No one realize any more that you have
diabetes"), the ability to take the transmitter off and "have a proper shower…completely free of equipment,"
the no-irritation sensor adhesive (he's worn over 400 and never noticed any redness or side effects). Most
importantly, "The perceived difference between a marathon before the diagnosis and today [with Eversense]
has become quite small." As we heard at the March Advisory Committee, Drs. Steve Edelman and Tim Bailey
did a great job framing the need for additional CGM options, noting only ~30% of type 1s on CGM in the US -
this was cited as T1D Exchange but not via an exact stat (3/10 colored stick figures). (To us, 30% is likely an
overestimate of general US type 1 population's CGM usage, but that could change this year with four (!)
accurate CGMs available.)

The Guardian Connect Continuous Glucose Monitoring System-Utilizing
Predictive Alerts and Data Backed Insights to Help with Diabetes Management
(Presented by Medtronic)

Huzefa Neemuchwala, PhD, MBA (Medtronic Diabetes, Northridge, CA) and Tim Bailey, MD
(AMCR Institute, San Diego, CA)

Medtronic's Guardian Connect CGM product theater focused mostly on the paired Sugar.IQ app's insights and
next-gen pipeline - including a look at future plans for healthcare provider insights and an MDI dosing
assistant powered by IBM Watson. The dosing insight noted very specifically, "Your next dose is going to be 2
units at 5:50 PM. Input carb: 80G. insulin type: Short-acting." Said Medtronic Head of Digital Health
Solutions/AI Dr. Huzefa Neemuchwala, "We were first to bring hybrid closed loop to market, and we plan to
be the first to bring closed Loop to MDI users." Now that's a line in the sand! This would of course provide a
Medtronic answer to what Bigfoot and Lilly (among others) are doing to close the loop for people on injections
with apps, CGM, and smart pens. (Medtronic has not announced what its hardware plans on the smart pen
front.) It also aligns with Medtronic's new business unit, MDI Solutions, led by Laura Stoltenberg. No timing
was shared on the dosing assistant, though we know from the early June Analyst Meeting that it is targeted to
launch within two years (by April 2020). Meanwhile, our first-look at Sugar.IQ-driven healthcare provider
insights looked fantastic. Near-term, a provider dashboard would show similar insights as patients will see on
Sugar.IQ (i.e., unique days, unique repeated habits, meal responses, rapid glucose changes, bolus habits).
However, next-generation HCP insights will give clinical decision support driven by IBM Watson, advice that
a provider can simply "Deliver" to the patient from their dashboard or "Skip"- e.g., "increase insulin
sensitivity factor from 2 to 2.2" or "Increase Bolus Wizard target glucose value from 90 to 95 mg/dl." Nice!
(No timing shared, but this could be the "intelligent therapy recommendations" expected to launch within two
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years.) Dr. Neemuchwala also mentioned the "Inner Circle" CGM gamification/engagement app a few times in
quick passing, but didn't share more details or specific timing; as of the Analyst Meeting, this is expected to
launch within the next year (by April 2019), allowing users to redeem points for more time-in-range. Dr.
Neemuchwala shared two other notes on Sugar.IQ: (i) the company's goal to push a new version of Sugar.IQ
every three months; and (ii) plans for Sugar.IQ to fit into its larger strategy on value-based diabetes care.
Otherwise, most of the product theater was review from Friday's oral presentation, what we saw at ATTD on
Guardian Connect, and things we've previously seen on Guardian Connect/Sugar.IQ - see our report on the
launch from a few weeks ago.
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Digital Health and Connected Care

Oral Presentations: Nutrition 2018-New Data, New Perspectives

Continuous Remote Care Model Utilizing Nutritional Ketosis Improves Type 2
Diabetes Risk Factors in Patients with Prediabetes

Amy McKenzie, PhD (Virta Health, San Francisco, CA)

Virta's Dr. Amy McKenzie added to the evidence on Virta Health's continuous remote care + ketogenic diet
intervention, sharing mightily impressive one-year data in the prediabetes population (n=116) for the first
time: Of the 95 completers (82% retention), 61% (n=58) moved from prediabetes to normoglycemia (A1c
<5.7%), and not a single person (!) progressed to type 2 diabetes. Virta's intervention is a low-carb/high-fat
diet (to induce nutritional ketosis) combined with tech-enabled remote care, and the study was non-
randomized, un-controlled, and conducted in collaboration with Indiana University Health Arnett. Drilling
deeper, the other outcomes from this study looked very strong (see below for corresponding photos):

▪ Body weight dropped an impressive average of 29 lbs (11.5%) from baseline 111 kg
(~245 lbs). 70% of completers lost >7% of body weight; only ~4 individuals gained weight, and one
lost ~40% of starting weight! It is truly remarkable to see the inter-individual weight variability in
the graph below - this suggests a very wide response to the ketogenic diet. Of course, on average it
produces great results, and we're just as interested in why some people respond vs. not.

▪ A1c decreased by 0.3% from a very low baseline (5.9%). (i) 80% of completers decreased
A1c, and 12% saw increases; (ii) 61% of completers regressed to normoglycemia (A1c <5.7%); (iii) no
completer progressed to type 2 diabetes (A1c ≥6.5%). We're surprised to see some A1c increases -
was this from not following the program or from a biological response?

▪ Fasting plasma glucose (FPG) dropped from 109 to 100 mg/dl, 51% of completers had FPG
drop below 100 mg/dl at one year.

▪ Systolic blood pressure (SBP), diastolic blood pressure (DBP), triglycerides (TG), and
HDL-C all significantly improved at one year. SBP dropped from 130 to 124 mmHg; DBP
dropped from 83 to 80 mmHg; TG dropped from 150 to 107 mg/dl; and HDL-C increased from 52 to
58 mg/dl. LDL-C was not reported. In the type 2 study, there was a mean ~10% increase in total
LDL-C, though the more nuanced LDL partitioning (e.g., particle number and their relative sizes)
changed in a positive direction - and some studies suggest this is a more sensitive CVD risk factor
than LDL-C alone.

▪ These prediabetes management/diabetes prevention results go along nicely with
evidence from Virta's controlled study in type 2 diabetes, which has demonstrated ~60%
diabetes reversal (defined as an A1c <6.5% and elimination of all medications except metformin) at
one year. Taken together, an over-simplified calculation suggests that Virta may be able to bring
60% of type 2 enrollees into prediabetes at one year, and then bring ~60% of those individuals (36%
of the initial population) into the normoglycemic range - for an employer, a two-year intervention
that takes 36 out of 100 people off of their diabetes medications, makes them feel better and more
productive, and lowers their risk of complications seems like a very solid proposition! We're not sure
that Virta will ever offer a "spectrum-like" continuous program as we just laid out, if they will aim to
deliver separate diabetes remission and DPP, or something else - in fact, the company's stated goal
to reverse type 2 diabetes in 100 million people by 2025 says nothing about plans to address
prediabetes (though we would love to see more companies with unique approaches enter the space!).
Notably, both type 2 and prediabetes studies will again report results at two years and five years the
type 2 study is already >2.5-years in, and we assume the prediabetes study is as well.
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▪ Only 56% of the completers reached a mean blood beta-hyodroxybutyrate
concentration of ≥0.5% mmol/L over the year of treatment (the goal of Virta's ketosis-
inducing diet), meaning 44% did not. Virta has not yet examined the outcomes between the
two subgroups, but we think parsing them would be extremely informative. One sentiment
regarding Virta goes something like, "I'm not sure about the ketogenic diet, but I'm all in on the
remote continuous care." This was brought up today, as a Pennington Biomedical researcher asked
during Q&A if patients would see the same outcomes on a Mediterranean or low-fat diet if they were
interacting with coaches an average of three-times per day (as they did in this study). We would at
least like to see Virta conduct a study where it positions remote continuous care without a one-track
diet recommendation as a control group. Given our own anecdotal experience with low-carb, high-
fat, it is extremely effective, assuming someone knows how to navigate situations and titrate
medications - hence the remote care.

▪ Throughout the talk, Dr. McKenzie put Virta's data into the context of typical, CDC-
identified diabetes progression and the results of the landmark DPP study. At a high
level, every year, CDC expects 5-10% of people with prediabetes to progress to diabetes, and another
5-10% to regress to normoglycemia; Virta's data blows this population-wide trend out of the water,
with 61% regression and 0% progression. In the DPP study, participants who received the lifestyle
intervention lost 7% body weight, and those who received metformin lost 3% body weight at one
year - Virta's program led to 11.5% body weight loss (notes: people in the DPP started at a lower
average weight of ~207 lbs; and Virta's intervention is hands on for a year, while the DPP lasts 24
weeks). In the DPP, the risk of progressing to type 2 diabetes was 56% lower for those that regressed
to type 2 diabetes; 61% reverted to normoglycemia in this study.

Questions and Answers

Q: I imagine these people restricted their carbs…

www.closeconcerns.com 299



A: When they started the study, we recommend they consume <30 grams of carbs per day. They're mostly
getting their carbs from starchy vegetables.

Q: Outstanding data. Virta has the ketogenic diet, and continuous remote care. I've seen data
presented before, that the average daily connection for patients and remote coaches is three
times per day, maybe more than that. That's a lot. What if you did the Mediterranean diet or a
low-fat diet when you have that much interaction.

A: Great question. I have no idea. And that's exactly what we have, it's an average of ~three interactions with
coaches per day. In terms of glucose and A1c reduction, the interaction component is definitely very
interesting.

Brian Levine (Close Concerns): 44% of the group didn't have beta-hydroxybutyrate levels ≥0.5
mmol/L - what were their outcomes?

A: Mean beta-hydroxybutyrate, over the course of a year. No, we didn't look into that, but that's an excellent
question.

Acute Insulin Secretory Effects of a Classic Ketogenic Meal in Healthy Subjects

Simona Bertoli, MD, PhD (University of Milan, Italy)

A brief oral presentation demonstrated that a classic ketogenic meal (2% carbs, 88% lipids, 10% protein)
requires just 12% as much insulin as a classic Mediterranean diet meal (60% carbs, 30% lipids, 10% protein).
Wow! In people without diabetes, the Mediterranean meal caused glucose to increase from 90-110 mg/dl in
the first hour, and then decrease to and below baseline for the remaining three hours (measured by frequent
SMBG); with the ketogenic meal, glucose remains stable for a half hour and then drops in the second hour
post-meal. To cope with the Mediterranean meal, insulin shoots up 12-fold in the first 20 minutes post meal,
and then remains elevated - with a ketogenic meal, insulin levels increases 2-fold in the first 20 minutes and
stays there. C-peptide levels follow similar trends. Overall, total insulin secreted in the three post-meal hours
was 8x greater in the Mediterranean group than the Ketogenic group. University of Milan's Dr. Simona
Bertoli, the presenter, posed future research questions: (i) What is the effect of significantly lower circulating
levels of insulin in infants, children, and adults? (ii) Could ketogenesis be effective for patients with insulin
resistance and/or secretory defects? See the highlight on Virta's prediabetes data above for more on the
ketogenic diet coupled with remote care.

Symposium: Online and Mobile Support - Wading through the Noise

Can Diabetes Apps Make Our Lives Easier?

Adam Brown, BS (Close Concerns, San Francisco, CA)

Our own Adam Brown answered the question, "Can Diabetes App Make Our Lives Easier?" in a
tour-de-force, state-of-the-field talk - view the slides at diaTribe.org/Apps2018 or download
the PDF here. The talk aligned on two key features Adam believes will characterize truly useful apps: (i)
radically convenient, frictionless tools; and (ii) compelling decision support. Adam then proceeded to call out
40 different examples of apps with exciting prospects - either currently out or in development. Here's a
summary of the three areas he discussed:

▪ Are people using diabetes apps now? Which ones? Adam began by sharing fascinating dQ&A
panel data on use of apps to manage diabetes right now - weekly diabetes app use is variable but
generally low, ranging from 13% in type 2 diabetes (n=2,776) to 29% in in type 1 adults (n=1,592) to
56% in parents/type 1 kids (n=135). The most popular apps in the dQ&A panel include Dexcom G5,
Share, and Clarity (CGM); One Touch Reveal, Contour Diabetes, and Accu-Chek Connect (BGM);
mySugr, One Drop, Glooko, and Glucose Buddy (Data); Apple Watch Activity, Apple Health, and
Fitbit (Exercise); myfitnesspal and Calorie Kind (Food); and pharmacy apps (e.g., Walgreens, CVS).
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▪ What makes an app useful? In part two, Adam stepped back from diabetes and considered what
makes any consumer app useful - a framework to define how a diabetes app could make life easier.
Drawing analogies to transportation, music and movies, and shopping and mobile payments, Adam
called out Lyft and Uber; Netflix, Spotify, Pandora; and Amazon, Square Cash, and Venmo as
examples of radically convenient, frictionless tools - apps that replace physical objects and
high-hassle processes (cars, taxis, parking; video store rentals, home DVD/CD collections, per-song
purchases; in-person shopping and cash/ATMs), save time through a dramatically better experience,
and save money. The second category of useful consumer apps, Adam argued, offer compelling
decision support - Google Maps and Waze. These bring personalized, real-time, responsive,
better-than-a-human help in making important decisions.

▪ Moving to the talk's main title - Can diabetes apps make our lives easier? - Adam
provided 40 examples of radically convenient tools and/or compelling decision
support. The tables below cover the examples in this last third of the talk. Download the slides at
diaTribe.org/Apps2018 for pictures and the whole talk's flow.
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Radical Convenient Tools - App Examples Why useful?
Mobile CGM: Dexcom G5/G6, Guardian Connect,
FreeStyle LibreLink, Senseonics Eversense.

No CGM receiver: replace physical objects
Automatic, frictionless CGM data upload to
cloud

Data apps: Glooko and Tidepool Replace high-hassle data downloading with
frictionless web apps (J clinics!) - less confusing
cable snags, no single-device software platforms.

Connected BGM: One Touch Reveal, Accu-Chek
Connect and mySugr, Contour Diabetes, One Drop.

Replace high-hassle cable downloading with
automatic upload and analysis - Notably, Adam
showed connected meter penetration in the
dQ&A panel is up 6.5x between 2016-2018 - now
at 10% of the panel, and there's been a
particularly big increase in the past quarter. Is it
reaching a "tipping point?"

Frictionless data insights: Dexcom Clarity mobile
notifications

Weekly emails/notifications on patterns/CGM
data are automated, with no need to log into a
web portal. Insights/patterns are pushed to
user, changing paradigm of diabetes data.

Bluetooth-enabled insulin pumps/apps are
coming: Insulet Omnipod Dash, Tandem t:slim X2,
Medtronic MiniMed 670G.

Automatic, cable-free data upload, viewing
insulin on board on the phone without pulling
the pump out.

Automatic BGM strips delivery and remote
coaching: mySugr, One Drop, Onduo, Livongo
Real-time, in-app coaching: WellDoc BlueStar

Less hassle than pharmacy, less hassle than
face-to-face education, costs less than a copay,
does not require dealing with insurance.
Immediate feedback on entries and tailored
messages.

Diabetes prevention programs: Omada, Noom Digital, app-based diabetes prevention
programs - no need to go somewhere in person.

Decision Support - App Examples Why useful?
Basal titration: Voluntis Insulia, Sanofi
MyDoseCoach, Amalgam iSageRx, Glooko MIDS

How much basal insulin should I take? Few
type 2s get constantly-updated, glucose-data-
based feedback on basal doses.
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Bolus calculation: mySugr (EU), Companion
Medical, Accu-Chek Connect

How much bolus insulin should I take? The
math is not easy for everyone to do in their
head! Over time, this will get substantially
smarter, incorporating CGM trends and "last
time I ate this what happened" information

Glucose prediction and pattern recognition:
Medtronic Sugar.IQ and One Drop's new Automated
Decision Support feature for T2 (Non-Insulin)

What happens on Saturdays? What happened
last time I ate this? Where is my glucose going
to be next?

Pump settings optimization: DreaMed/Glooko
AdvisorPro

Pump settings are often set arbitrarily and not
updated with appropriate nuance based on
CGM trends; this clinical decision support
optimizes the process.

Basal-bolus titration for MDI users: Bigfoot Inject
and Lilly Integrated Insulin Management System

Closing the loop for injection users - far tighter
feedback loops and true decision support based
on CGM trends

Pump control from an app with hybrid closed
loop automation: Loop, though Adam also showed
several Bluetooth-enabled pumps - SOOIL Dana
(available OUS with smartphone control), Medtronic
670G with paired app (in development), Lilly Hybrid
Closed Loop, Insulet, Bigfoot

The ULTIMATE diabetes app, combining
dosing decision support every five minutes,
useful glucose prediction, and radical
convenience (bolus from a phone or Watch).
Download the full slide deck for Adam's
outcomes on Loop and the summary slide.

▪ The Home Screen Test: Is a diabetes app so useful it makes on a phone's home screen?
Can it make it down to the bottom dock? This is Adam's phone home screen, which includes
Dexcom CGM and the DIY Loop app - both examples of apps that provide radical convenience (no
fingersticks, no carrying stuff around) and compelling decision support (automated insulin
delivery).
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Posters

Cost Savings Associated with Digitally Enhanced Insulin Therapy (1326-P)

I Hodish, S Bisgaier, E Unger, M Austin

A Hygieia poster presented full nine-month results from a demo project of its d-Nav Insulin Guidance Service
(specialty clinics + remote care + insulin titration + BGM) with Blue Cross Blue Shield of Michigan (BCBSM).
Interim six-month results, published in February, found that after using the service for 90 days, participants
with type 2 diabetes on insulin (n=192) experienced an average A1c decrease of 1.7% (baseline: 9.4%). Now at
the nine-month mark (n=160), A1c declined further to 7.1% - a remarkable 2.3% drop from the high baseline.
Those who saw A1c improvements received a medication review, eliminating ~83% of all "expensive"
medications (GLP-1 agonists, DPP-4 inhibitors, SGLT- 2 inhibitors). For this group on expensive drugs at
baseline, average prescription savings were an impressive $6,172 per patient-year. Across the entire
population, prescription savings averaged out to a robust $1,736 per patient-year. At baseline, 50% of
participants had A1c <9%; at 90 days, 92% of patients had reached this threshold, and at nine months 96%
had A1c <9%. The investigators concluded that Hygieia's d-Nav service could lead to "sizable" reductions in
cost and importantly does not increase provider's burden. We're very excited to see if Hygieia can scale
commercially - the company recently signed its first US commercial contract to provide d-Nav at no cost with
no copays to BCBSM members with type 2 diabetes and A1c >7%. If the results presented in this poster are
any indication, the agreement is a big win for all entities involved - we look forward to seeing how this plays
out in the real world.

A Machine-Learning Model Accurately Predicts Projected Blood Glucose (46-LB)

Daniel R. Goldner, Chandra Y. Osborn, Lindsay E. Sears, Brian Huddleston, Jeff Dachis,
Minnetonka, MN, Nashville, TN, Austin, TX, New York, NY

This poster shares the modeling and accuracy of One Drop's upcoming glucose prediction feature for non-
insulin users with type 2 diabetes. The feature is expected to launch in 3Q18, giving a forward-looking glucose
forecast up to 12 hours ahead based on limited fingerstick data, food logging, exercise data, and other
contextual inputs (e.g., demographics, weight, A1c). The full data set included 1.9 million entered blood
glucose measurements from 14,706 people with non-insulin treated type 2. Machine learning algorithms to
predict future blood glucose values were trained and vetted on blood glucose levels (and other available
contextual data) entered prior to September 2017 (83% of all BGs). Then, the remaining 17% of BGs entered
from September-November 2017 were held out and run through the model to generate forward-looking blood
glucose predictions. One Drop found 91% of the model's predictions were within 50 mg/dl of the future meter
value, 75% were within 27 mg/dl, 50% were within 14 mg/dl, and 25% were within 6 mg/dl. The median error
was 14 mg/dl, and the mean error was 21 mg/dl. The prediction was actually compared to the meter value
whenever the next fingerstick was taken (majority were in the 2-12 hour range). This seems like strong
accuracy for this population of non-insulin users, especially if 75% of predictions were within 27 mg/dl of the
meter. Will it hold up in real-world use? According to One Drop's blog post following ADA, the models do not
require getting to know an individual over time; rather, predictions for one person are based on the aggregate
data of all people with similar health profiles. In addition, "within minutes of entering a single data point into
the One Drop app, a user can receive their first prediction." (The poster notes "minimal inputs" are required
to generate a glucose prediction, but it does not specify how much. From what we can tell, it only needs the
contextual data and one fingerstick.) The model continually adapts the glucose forecast based on inputted
data, and like all machine learning models, will improve as more data is entered. We look forward to seeing
this rollout and hearing views on the real-world accuracy. According to One Drop, these features are expected
to launch for insulin users "soon" after the 3Q18 launch for type 2 non-insulin users; presumably that would
put this into regulated territory.

▪ We love this concept of data-driven decision support for a population that does not
have much data to learn from - assuming it is accurate, of course. This could also be
highly motivating and behavior changing, in the same way Loop's predicted glucose is for DIY closed
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loop users: "Oh wow, I'm going to be really high in the next few hours. Maybe I should eat fewer
carbs at dinner." Indeed, One Drop's poster concludes, "Whether people modify their behavior (e.g.,
eating less carbohydrates) after knowing a planned behavior (e.g., a 60 carbohydrate gram meal)
produces an undesirable BG (>140 mg/dl postprandial) is an empirical question worth
investigating." We agree! Will the forward-looking glucose predictions generate meaningful
behavior change?

▪ Notably, One Drop will give paired lifestyle-focused tips - e.g., walk after meals - which
the company says excludes it from FDA regulation at this time (see pictures below). At first
the insights and recommendations will come as notifications with frequency controlled by user. Over
time they will get smarter, as One Drop collects more data about what users like. We'd note that half
of the users in the data set were diagnosed with type 2 in the past three years (and of course, none
are on insulin), so the level of blood sugar variability here is far lower than would be seen with
insulin users. That said, it's smart of One Drop to start with this population - edging into decision
support in a lower-risk way, especially in a group with so little data to pair cause and effect.

▪ This is also a run at Medtronic/IBM Watson's Sugar.IQ, which is only designed for
Medtronic CGM users (insulin users) and does not yet give this level of granularity around glucose
prediction.

▪ Notably, the lead author was One Drop's Head of Data Science Dr. Dan Goldner, who
previously worked at NASA creating simulation models for multi-year strategic problems!
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Reduction of Diabetes and Cardiovascular Risk in a Workforce Through
Biometric Screening and Digital Behavioral Counseling (62-LB)

C Birse, R Lagier, P Chew, C Jasik, and E Madero

In a population of 107 employees, work-initiated biometric screening plus Omada's digital behavioral
counseling resulted in a marked decrease in the number of people with diabetes or prediabetes: Following the
~six-month intervention, 34 participants achieved normoglycemia (up from zero the previous year), the
number of people with prediabetes decreased to 57 (from 86 the prior year), and the number of people with
diabetes fell to 16 (from 21). We thought the study design - comparing biometric changes from after the
intervention with those in the previous year - was very clever and a nice use of existing employee
infrastructure. Average weight loss was 7.3 pounds (3.1%) in the intervention, in contrast to +2.8 pounds
(+1.2%) the prior year. 29% of enrollees lost 5%+ of body weight, and the number of participants who gained
weight fell from 71% in 2016 to 31% in 2017. Other biometrics like A1c (6.1%->5.9%), triglycerides (155 mg/dl-
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>138 mg/dl), and 10-year ASCVD risk (5.1%->5.06%) also fell significantly across the entire population. The
poster is absent of detail regarding the actual intervention was - Omada's traditional digital DPP, its new
diabetes/hypertension management programs, or a tailor-made intervention - but the results are
encouraging. We'd be interested to see data on short-term cost savings for the employers (presumably
reduced disease management costs?), and possibly some quantification of increased productivity. It is well-
documented that lifestyle interventions for diabetes prevention are effective, but the next step is to better
document positive ROI on a much bigger population level.

▪ Even though 1,335 candidates with BMI ≥26 kg/m and fasting glucose ≥100 mg/dl2

and/or A1c >5.7% were invited to participate, only 107 participants (~8%) completed
at least one lesson with biometric measurement. This figure is the classic B2B2C problem
we've heard about in digital health - a company like Omada can contract with an employer and get
permission to enroll employees, but attracting the end user is a fundamentally different task. To be
fair, 236 (18%) of the invited employees submitted an application, but only 170 were accepted based
on coverage and risk, and 144 of those actually enrolled in the program. Of the latter, 37 didn't
complete a single lesson with biometric measurements.

Virtual Diabetes Prevention Program: Effects on Medicare Advantage Healthcare
Costs and Utilization (45-LB)

V Chiguluri, D Barthold, R Gumpina, C Castro Sweet, J Pieratt, T Cordier, R Matanich, A
Renda, and T Prewitt

This poster looked at healthcare costs and utilization in a cohort of Humana's Medicare Advantage
beneficiaries who enrolled in Omada (n=464) compared to 464 matched controls. Considering that six-month
topline results from an Omada-Humana pilot shared in 2015 were very compelling (mean 8.7% weight loss
from Omada's digital DPP), we were surprised to see that cumulative adjusted cost savings (including payer
and patient costs) were not significantly different in the Omada group (the confidence interval overlapped
zero). By the 24 month, cumulative savings were $1,298 per member with Omada (~$54 saved per memberth

per month), a meaningful difference in our view, but not a statistically significant change. Still, this amounted
to ~$600,000 in savings across the 464 enrollees over the course of 24 months - net savings are not shared,
but we imagine Omada would still be a positive investment, particularly given likely long-term benefits. Per-
member per-month medical savings were not significant either, though the Omada group saved a mean ~$34
per-member per-month. The only result that was statistically significant in favor of the Omada group was per-
member per-month pharmacy cost savings in months 18-24. Prior to the last six months, spending was more
or less equal, leading to overall per-member per-month pharmacy savings of $21. From a healthcare
utilization standpoint, inpatient admissions (mean 0.2/person) and emergency department visits (mean
~0.3/person) were identical between both groups. The Omada group averaged 11.4 physician office visits over
the 24 months vs. 10.9 in the control group - while the difference wasn't significant, the authors proposed that
the intervention group was inclined by participation in the program to seek more preventive care. The authors
also note that a reduction in pharmacy costs ahead of a reduction in medical costs is commonly observed in
this Medicare Advantage population, implying that greater savings might follow past the 24-month
benchmark. Bolstering the long-term savings argument further, we'd suspect a reduction in costly diabetes
complications could be seen further down the line.

▪ Only ~5% of individuals who received an invitation to participate in Omada's program
accepted. Given that the intervention is so successful, how can providers like Omada and payers
like Humana boost this number? Shared cost savings for patients? Other financial-driven
incentives? Tell a better narrative about the quality of life improvements brought about by weight
loss and diabetes prevention? This "B2B2C problem" may be one of the most poignant that we're
seeing crop up repeatedly in diabetes digital health interventions.
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Enabling Self-Management for Type 2 Diabetes (50-LB)

JB Hernandez, AA Lee, S Robertson, C Silver, A Majithia

An Onduo (Verily/Sanofi) poster reported results from an initial feasibility test of Onduo's mobile app-based
platform for delivering type 2 diabetes education, human coaching (text messaging), meal and blood glucose
logging, and medication tracking. Retention rates were very solid: of 67 participants recruited, 66 (99%) were
able to sign into the app and 64 (96%) completed the four-week program. Among all users, average blood
glucose decreased by a modest 7.8 mg/dl over four weeks (baseline not reported). However, those with a
starting average blood glucose >154 mg/dl achieved notable declines in average blood glucose: -30 mg/dl over
four weeks, which would be about a 0.7% A1c reduction if sustained. The picture below makes it clear how
wide the variability is: about 13 participants saw increases in average glucose (all had baseline levels <154 mg/
dl), most participants saw at least some decline, and a few saw remarkable ~50 mg/dl declines. The majority
of program participants used the app daily (median 100% of days; mean 95% of days), with reportedly high
engagement rates for coach messaging and blood glucose logging ("exceeded 95% of subjects" - a confusing
metric). From the second picture below, it appears that logging medications was the most underutilized
feature, followed by meal logging - we'd note that the app does include photo logging for meals. The variability
is also apparent in that graph: some participants almost never messaged the coach, while others used this
feature more than five times per day! Overall, the results of this single-arm, prospective study are promising.
As noted on the poster, future studies should investigate long term glycemic endpoints and include
comparison to a control group. In February, Onduo announced the initial launch of its virtual diabetes clinic,
mobile app, unlimited BGM supplies, and remote coaching, beginning with Blue Cross Blue Shield members
in Arkansas, Georgia, and South Carolina. See our coverage for a complete review of the app. We look forward
to seeing expansion and Onduo become more public facing on how things are going; to date, the Sanofi/Verily
joint venture has been very stealth on its mission to redefine diabetes care/education delivery. Certainly
Livongo, mySugr/Roche, and One Drop are also strong competitors in this area, offering somewhat similar
models.
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Effect of Remote Glucose Monitoring Utilizing Computerized Insulin Dose
Adjustment Algorithms on A1c Levels: A Preliminary Report (900-P)

MB Davidson, SJ Davidson

Very promising results from a pilot study (n=47 enrolled) investigating outcomes associated with Mellitus
Health's CE marked and FDA cleared insulin dose clinical decision support software, Insulin Algorithms,
showed highly robust reductions in A1c at three (-1.9%) and six months (-2.4%) from a high baseline (10%).
Participants - we assume with type 2 diabetes - were provided an iHealth Align connected BGM with an
associated mobile app capable of streaming blood glucose readings to Insulin Algorithms' HIPAA-compliant
server. An insulin dose adjustment algorithm, equipped to process "all approved insulins" and analyze eight
different insulin regimens, generated a recommended insulin adjustment. In this study, reports were sent
every 2-3 weeks to a nurse practitioner, who reviewed the algorithm's recommendation and made a decision
in "about three minutes." Starting from a baseline A1c of 10%, participants saw an impressive, highly
significant A1c reduction of 1.9% at three months (n=28), followed by an additional further 0.5% reduction at
six months (n=17). The total dose of insulin per patient increased by 24% by the end of the project, as would
be expected in individuals with this level of hyperglycemia. The nurse practitioner agreed with 82% of the
algorithm's recommendations, with the majority of deviations occurring when the nurse thought there were a
sufficient number of blood glucose readings to make a decision (the algorithm wanted more data).
Importantly, patients avoided a total of 268 clinic visits while still achieving impressive A1c reductions,
freeing up substantial time for both the nurse practitioner and the patients. No patients experienced severe
hypoglycemia, and only 8% of the 7,263 glucose readings were <70 mg/dl. (The study enrolled n=11 basal-
only users, n=14 basal/bolus users, and n=3 mixed regimes.) As the poster points out, starting and
intensifying insulin therapy can be a daunting task for many primary care physicians, often resulting in
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delayed insulin initiation or reluctance to transition to basal-bolus therapy. Insulin Algorithms provides a
promising solution to facilitate such decisions and given that the vast majority of type 2 patients receive their
care from a general practitioner, we can see this software driving some seriously positive outcomes alongside
many others with FDA clearance (e.g., Voluntis Insulia, Glooko MIDS, Amalgam iSageRx, Sanofi
MyDoseCoach, Glooko/DreaMed Advisor Pro) or in development (e.g., Bigfoot, Lilly, Medtronic). Of course,
the ability to scale, build a sustainable business, and integrate with provider workflow will be the deciding
factor in whether meaningful uptake ensues, but the avoidance of 268 clinics visits certainly suggest strong
savings in provider time alongside improved outcomes.

▪ At ATTD, we learned that Insulin Algorithms is available in 30 "countries and clinics"
in Europe and the US. Depending on the clinic and number of patients, the software is either
priced at a flat annual rate or by the number of users.

Use of Big-Data Algorithms to Characterize Patients with T2D on Basal Insulin
(BI) Who Add a Glucagon-Like Peptide-1 Receptor Agonist (GLP-1 RA) and Predict
Their A1C Response (100-LB)

E Zimmermann, A Lenart, J Diogo Da Rocha Fernandes, S Eggert, and M Ranthe

The authors of this fascinating Novo Nordisk poster mined large data sets of type 2 patients on basal insulin
in the US, finding that the number one predictor of benefit from adding a GLP-1 agonist - defined as a ≥1%
decrease in A1c - was baseline A1c. Of the 8,731 patients examined in the US IBM Explorys database, just
2,592 (~30%) "responded" to the addition of a GLP-1 agonist. The authors performed a logistic regression
with 23 pre-specified variables followed a by a hypothesis-free machine-learning model, finding baseline A1c
to be "the only important variable at baseline for predicting a ≥1% decline in A1c. Comorbidities, age, BMI,
heart failure, co-medications, and "other cardiac disease" were not significant. Fleshed out by baseline A1c:
Individuals with baseline A1c ≥10% had an ~83% chance of seeing a ≥1% A1c drop (OR: 4.98, 95% CI:
4.16-5.95); those with baseline A1c 9%-<10% had a ~71% chance of seeing a ≥1% A1c drop (OR: 2.48, 95% CI:
2.08-2.96); individuals with baseline A1c 8.5%-<9% had a ~62% chance of seeing a ≥1% A1c drop (OR: 1.61,
95% CI: 1.33-1.95); those with baseline A1cs <7%-<8% all had <33% chance of response. These results are in
line with what we'd expect in every area of diabetes - the higher the baseline A1c, the more room for
improvement. Of course, the definition of "response" in this study was narrow and discounted other
redeeming effects of GLP-1 receptor agonism. Even if chances of a large A1c response are low in individuals
with A1c <8%, (i) the CV-protective effects of these drugs are well-documented; (ii) since they are glycemic-
dependent, they could cut back on hypoglycemia while boosting time-in-range (understandably, CGM was not
used in this analysis), and (iii) they induce weight loss. With these other benefits factored in, we are willing to
bet that more than 30% of those taking GLP-1s on top of basal insulin could be classified as responders.
Further, these results are from real-world use, and thus do not come without confounds - that is, what are the
characteristics of individuals who are on basal insulin and have high A1cs? Do they have to ration doses do to
coverage/economic concerns? Do they have providers who are hesitant to increase doses? Are they less likely
to use CGM? Are they more likely to face food insecurity and have less access to safe areas (and time!) for
exercise? All of these factors may also play into the prediction of who will be a responder (when using A1c as a
criteria) to the addition of a GLP-1 agonist.

▪ The authors also looked into the people who were most likely to receive GLP-1
agonists on top of basal insulin in the real-world setting (n=80,019 type 2s on basal
insulin who did or did not initiate GLP-1 therapy): length of time on basal insulin (>180
days), taking co-medications, private insurance, age (<75 years), and BMI (>30 kg/m ) were the top2

factors. In the real world, baseline A1c does not appear to be an input in the decision-making
process for providers (8.2% in non-initiators, 8.7% in initiators) - meaning the results of this
analysis could actually change prescribing habits. Ultimately, in appreciation of outcomes beyond
A1c, we are glad to see that providers are not taking a very A1c-centric view - and while this poster is
interesting and an impressive demonstration of big data set analysis, we hope "response" continues
to be defined more broadly than "sizable A1c reduction" by both payers and providers.
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Cost Savings Associated with Usage and Blood Glucose Control for Members of
the Livongo for Diabetes Program (1330-P)

J Bollyky, W Lu, J Schneider, C Whaley

A Livongo poster showed that patients with diabetes enrolled in the 12-month Livongo program experienced
reduced medical costs associated with improved blood glucose control. Medical spending and clinical
outcomes for Livongo users (n=2,027) were compared to matched non-Livongo users (n=8,385) before and
after initiation of the Livongo program. Notably, a 10% increase in the monthly Livongo usage rate was
significantly associated with a 2.1% decrease in medical spending. Lower costs were driven by a 2.9%
reduction in spending on office-based services. In a great sign for payers AND diabetes tech/digital health
companies, mean monthly medical spending for users with an average blood glucose <154 mg/dl was a strong
26% lower than for users with an average blood glucose >154 mg/dl: $505.86 vs. $681.01 (p=0.02). Nice! The
poster characterizes the study's methods as "quasi-experimental instrumental variables" intended to "address
the potential for selection bias"; indeed, these data are correlations and not causative, especially important
because Livongo is an opt-in program when it signs an employer contract. Still, we're glad to see the cellular-
enabled meter and remote coaching offers potential for short-term cost savings. We look forward to longer-
term follow-up and seeing the program reach even more scale.

▪ The poster also presented long tables with associations between program access and
healthcare spending and utilization. These were pretty confusing - see them here if you are
interested - and the correlations looked fairly small for the most part.

Are Complications Preventable with Periodic Education via Telemedicine? A
Study of 414 Compliant T2D Patients Followed Up for 19 Years (685-P)

J Kesavadev, A Shankar, A David, G Krishnan, N Ajai, G Sanal, J Ajith, S Jayanthi, L
Ramachandran, S Jothydev

This 19-year telemedicine intervention (n=414 type 2s) from Jothydev's Diabetes and Research Centers -
~14.5 virtual consultations per person for education and medication titration plus ~two physical consultations
per year - led to a 0.7% drop in A1c (baseline: 8.3%) and the prevention of vascular complications in a
remarkable 94% of participants. Follow-up visits also showed consistent drops in LDL from 127 mg/dl at
baseline to a remarkable 67 mg/dl after 19 years (p<0.0001), and a significant drop in systolic and diastolic
blood pressure (-7.2 mmHg and -8.66 mmHg, respectively; p<0.0001). Wow! Remarkably, vascular
complications were prevented in 93.5% of the patients - new onset CKD was just 0.24%, and Coronary Artery
Disease/Cardiovascular Accidents occurred in 2.4% of the population, and overall mortality was 3.9%. There
was no control or typical population data shared, but these results are incredibly positive, and seem much
more scalable than high-touch clinic-based care. All patients had A1c levels between 6.5%-10.5%, received
virtual consultations through the Diabetes Tele Management System (DTMS) at least once every three
months, attended physical visits at least once every three years, and attended group diabetes education
sessions at least once every three years. Cost of the intervention and, more importantly, cost-effectiveness,
were not presented, though we hope to see such analyses in the future.

Comparison of E-Consults and Face-to-Face Care on Costs and Glycemic Control
among Veterans with Type 2 Diabetes Mellitus (137-LB)

N Karajgikar, K Detoya, J Beattie, S Lutz-McCain, M Boudreaux-Kelly, A Bandi

This retrospective chart review (n=849) for type 2 veterans in the VA Pittsburgh Healthcare system from 2010
to 2015 found that those who accessed their endocrinologists via electronic consults (EC) vs. face-to-face
(F2F) visits achieved clinically comparable improvements in glycemic control, while also substantially cutting
down on costs and travel time. From a baseline A1c of 10% in both groups, at 3-6 months, the EC and F2F
groups achieved A1c reductions of 1.0% and 1.3%, respectively. At one year, the EC and F2F groups achieved
A1c reductions of 1.2% and 1.4%, respectively. (Technically F2F care had a statistically significant greater
reduction in A1c at both 3-6 months and one year, but the difference was not clinically significant.) There
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were no significant group differences for systolic blood pressure or lipid profiles. On average, veterans in the
EC cohort saved 431 miles, 9.4 hours, and $180 (annual travel costs estimated at $0.415/mile), while veterans
in the F2F cohort accrued an estimated total of 159 miles, 3.5 hours, and $66 over baseline. Furthermore, the
researchers found that there was a significant reduction in the delay between consult request and completion
for the EC (10 days average delay) vs. F2F group (37 days average delay, p<0.0001). These results indicate
that electronic consults offer enhanced access to care with reduced costs, while yielding clinically comparable
benefits to glycemic control - the relative cost and time spent per percent A1c drop clearly favor telemedicine.
To boot, though the results cut off at 12 months, we might expect that, over time, the hassle associated with
in-person visits might cut down on long-term engagement, ultimately shifting glycemic outcomes in the
direction of virtual care. We love that this study was done in veterans, an encouraging sign for broadening
access in a wide range of ages. It could be illuminating to look for correlations between distance from nearest
care center and cost per A1c reduction - is there a rough distance at which it clearly makes sense to begin
recommending remote care?

▪ We'll be interested to see how the proposed changes to CMS' Medicare Physician Fee
Schedule could serve to improve reimbursement for telehealth and incentivize physicians to offer
these services. As a side note, newly-minted VA Secretary Mr. Robert Wilkie is a strong proponent of
telehealth and the Department's "Anywhere to Anywhere VA Health Care" initiative.

Text Message Responsiveness to BG Monitoring Reminders Improves A1c in
Teens with Type 1 Diabetes (161-LB)

DE McGill, LK Volkening, DA Butler, CJ Gonynor, WL Levy, RM Wasserman, BJ Anderson, LM
Laffel

This Joslin- and Baylor-led study found that type 1 teens who frequently provided their blood glucose in
response to text messages that came at self-selected times (one to four times daily) to remind them to perform
a fingerstick saw clinically significant glycemic benefit vs. those who did not frequently respond. Over the
course of 18 months, teens who responded with their blood glucose results on >50% of days were labeled
"high responders" (baseline A1c: 8.2%), and teens who responded <50% of days were labeled as "low
responders" (baseline A1c: 8.7%) - there were 68 teens in each category at the end of the 18 months. A
regression analysis controlling for baseline A1c revealed a significant increase in A1c over the course of the
intervention for low responders, (+0.3%; p =.009), and no significant change for high responders. After
controlling for baseline A1c, high responders were >1.5-times more likely than low responders to improve A1c
levels by >0.5% from baseline. High responders were also three-times more likely to achieve A1c <7.5% after
18 months. Of those with baseline A1c <8%, 41% of high responders (n=29) and 13% of low responders (n=16)
achieved an A1c <7.5%. Of those with baseline A1c >8%, the probability of achieving an A1c decline of at least
0.5% was 29% and 46% for low responders and high responders, respectively. Fingersticks per day were 4.3 in
the low responders vs. 5.2 in the high responders - pretty strong in both groups, considering these were teens
with high A1c's. We were a little disappointed that the authors didn't present full-population change in A1c
over the 18 months, which we therefore might assume wasn't very encouraging. This wasn't a controlled
study, so it's difficult to say whether the text intervention should be considered a "success." It's possible that
some of the "responders" would have preserved their A1cs anyway, or even tested more frequently if not for
the scripted reminders - it's also possible that the non-responders would have seen their A1cs rise by a lot
more than 0.3% over 18 months if not for the texts! The results certainly suggest potential here, especially if
there are ways to make the low-cost, automated SMS texts more personalized. 12% of the low responders and
15% of the high responders wore CGM (a non-significant difference). We wonder what kinds of engaging
combinations are possible with apps and clever pattern notifications (e.g., time-in-range, Bright Spots, etc.).
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A Novel Economic Analysis Applied to Innovative Diabetes Digital Health
Intervention Demonstrates Significant Financial Benefits (1317-P)

ME Shomali, AK Iyer, BT Griffin, MM Peeples

This Truven Health (IBM Watson) poster showcased an economic analysis of WellDoc's BlueStar type 2
diabetes app based on its A1c reduction, expanding on an initial analysis published in January. The broad
results presented earlier this year estimated that that the ~1.7%-2.0% mean A1c declines conferred by
BlueStar in WellDoc's early clinical trials could translate to average estimated cost savings of $254-$271 per
user per month. In this poster, estimated savings were split out by baseline A1c ranges and commercial vs.
Medicare sectors. Estimated annual cost savings per patient were greater in the commercial sector across all
A1c bands and, as one might expect, grew with increasing baseline A1c. For patients with baseline A1c >7%,
estimated yearly cost savings were $1,824 (commercial) vs. $1,392 (Medicare); for patients with baseline A1c
>8%, estimated cost-savings were $3,252 (commercial) vs. $3,048 (Medicare); and for patients with baseline
A1c >9%, estimated cost-savings were $5,244 (commercial) vs. $3,672 (Medicare) - that's a minimum of
$116/month and a maximum of $437/month in dollars saved, depending on payer and initial A1c. The
analysis used the MarketScan Research Database, which aggregates de-identified patient-level health data
from a variety of sources, including large employers, managed care organizations, EMR providers, and
Medicare and Medicaid. Truven then used an algorithm to quantify total healthcare costs broken down by A1c
levels, which formed the basis for the cost savings calculations with BlueStar. It's important to emphasize, as
we noted in our original coverage, that while these numbers are encouraging, this is not a study that
compared the cost savings data from actual BlueStar users to controls. (Rather it used retroactive A1c data
and fitted it to a model.) Still, we hope that this data helps BlueStar gain favor with payers and employers, as
it has the potential to massively drive outcomes. Since we reported on it in January, BlueStar has not moved
from the "5,000-10,000" download range on the Google Play store, and we'll be watching to see if BlueStar
can continue to gain in scale. Recent launch of hypertension and weight management features - including
planned future integration of connected BP cuffs, wireless scales, fitness wearables, etc. - should help WellDoc
make its case, particularly if it can show improved outcomes across CV risk factors.

Symposium: Effectiveness of Telemedicine in Underserved Communities

Project Extension for Community Health Outcomes (ECHO)-Diabetes Education
and Training

Evan Klass, MD (University of Nevada Reno School of Medicine, Reno, NV)

Dr. Evan Klass spoke passionately about his personal journey to discovering and implementing Project
ECHO, which is now active in over 120 communities in the US! He works in Reno, Nevada, where there are
only six endocrinologists. Even worse, there are no endocrinologists in rural Nevada, so patients often have to
drive hundreds of miles to consult with him at massive personal and financial cost. This contributed to an
enormous backlog of patients, some of whom urgently needed attention. In 2010 Dr. Klass heard about Dr.
Sanjeev Aroras's development of the novel ECHO program and its proven efficacy (patients receiving hepatitis
C treatment from PCPs had the same outcomes as from hepatologists!), and implemented it himself in 2011.
In Dr. Klass' own practice, he and his team (a single CDE and a dietician), consulted with 30 PCPs throughout
rural Nevada. Their "hub" has videoconference meetings with the "spoke" PCPs every few weeks for about an
hour at a time, providing 15-20 minutes of didactic training and then listening and providing advice on
various difficult cases for the PCPs. We love how Dr. Klass highlighted the need to "de-monopolize
knowledge" such that PCPs can provide necessary care to underserved patients. It does seem that the program
would primarily be useful in regions deprived of specialists that have PCP coverage, which of course raises the
issue of the ongoing - and worsening - PCP shortage. Regardless, we see ECHO as an immensely helpful and
intriguing program, and we'd love to see outcomes data when they become available. Talk about leveraging
expertise for greater scale! For more on Project ECHO, see our initial report on Helmsley's funding and a
recent presentation from Stanford's Dr. David Maahs.
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▪ As background, the ECHO model is a novel telemedicine strategy that greatly
increases patient access to specialist services by allowing specialists to train and
advise large numbers of primary care providers on a regular basis. Right out of the gate
Dr. Klass emphasized that ECHO is not your run-of-the-mill telemedicine, where one provider
consults with one patient via video-conference, which improves patient access to care but makes
very little difference in time-constraints on physicians. Rather, ECHO applies video chat to allow
specialists to train and advise large groups of PCPs so that they can perform the specialist services in
underserved areas. The overall strategy is to "move knowledge, not people," and employs a "hub and
spokes" framework in which the specialist group is the "hub" and the various PCP clinics and
practices that they advise are the "spokes." Benefits of the ECHO program include increased access
to high quality care for out-of-the-way patients, reduced disparities in health access, keeping
medical care in local communities, and improving PCP knowledge and sense of efficacy.

Questions and Answers

Q: Could you share how you created the financial model for ECHO, to make it financially
viable?

A: This is the pertinent question for ECHO programs. In short, the payment model for ECHO is a patchwork.
Dr. Arora started off in New Mexico with grant funding, and we lobbied our state government in Nevada and
got a budget built in for our program. But those can't be the ultimate solutions. We need a sustainable funding
revenue eventually. I think the argument that needs to be made is that it will save the system money. I think
Medicaid managed care is the best way to do that, because it's a fairly flexible system and is in the interest of
the state to fund ECHO and save the state money. I think we're making inroads with acquiring that funding.

Q: I have a question about the logistics. How many cases do you hear in your meetings and
how long do they take?

A: Sometimes we'll hear six cases in a single meeting, sometimes it's quiet and there's only two or three. I
think the value is the expanded discussion of each of the patients because that's when learning is done. That's
how we learned to be physicians: We presented cases to our mentors and modeled our behaviors based on
how they thought through clinical problems. We've found we can only do an hour since it's taking time out of
clinic, but many spokes say it's their favorite hour of the week - it's the wonder of being in school again and
learning.

Success of Telehealth Eye Care in Indian Health Service

Mark Horton, MD (Indian Health Service, Flagstaff, AZ)

The Indian Health Service (IHS), in collaboration with the Joslin Vision Network (JVN), has employed novel
telemedicine consultations for the last 18 years to serve the diabetes eye care needs of over 2.2 million Native
Americans. These consultations require the deployment of ophthalmic imaging tools to the tribes and the
training of a local technician to take and send the images to a consulting optometrist or ophthalmologist. Dr.
Horton began his talk with a review of the health disparities faced by Native Americans (who have the highest
prevalence of diabetes of any ethnic group) and an emphasis on the particular burden of diabetic retinopathy
(DR), which is the leading cause of severe and moderate vision loss among working age Native Americans.
Moreover, Dr. Horton explained that over half of native Americans do not get timely retinal examinations,
and that only half of Native American patients seen with diabetes are even referred to retinal examinations.
These unfortunate statistics are due to the rural locations of tribes, as well as their lack of access to
optometrists and ophthalmologists. By employing telemedicine, Dr. Horton's team at the IHS has managed to
increase referral rates for DR exams to nearly 100% in Native American communities. They utilize cutting
edge devices from the JVN - including 200°, 30°, and 45° field of view non-mydriatic stereo pairs, scanning
laser ophthalmology, and ultra-wide field imaging - and have automated DR diagnosis via computer-assisted
decision support, with automated documentation and delivery. Some particularly challenging sites - like
northern Alaska - even employ hardy portable ophthalmic technology. A number of studies have shown that
the JVN system works as well as or better than conventional dilated exams for DR or diabetic macular edema.
Thanks to these efforts, rates of eye exams in Native American regions have increased dramatically, from only
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a few hundred per year in 2000 to over 25,000 exams in 2016, with a reduction in unnecessary referrals for
DR of about 4,000 patients/year. This work is highly impressive, though Dr. Horton unfortunately said that
it's unlikely that similar high-efficacy integrated telemedicine programs could be broadly implemented in
hard-to-reach rural areas in the US - their health systems lack the cost-avoidance focus of the IHS. (Ugh!)
With data-driven health economics arguments, a strong advocacy front, and a bit of luck, we hope that could
change in the future.

Question and Answers

Q: Could you comment on the efficacy of smartphone apps for ophthalmic consults?

A: There is certainly a great deal of interest in using smartphones for DR since the camera and transmission
platform are all in one box, and everyone has a smart phone. There are a lot of reasons unfortunately that this
approach is definitely not ready for prime time. Sensitivity and specificity of diagnoses are very low with
smartphones. I think that's eventually where we will go, but right now the phones and the apps just aren't
capable of it.

Q: I think it's a testament to integrated systems like IHS that the financial incentives permit
proactive, prevention focused projects like this. I have colleagues trying to get telemedicine
ophthalmology practices set up but they're saying current incentives make it very difficult for
ODs (optometrists) to do this in much of the US health system in terms of billing. Do you have
comments or advice on that, on making it a financially sustainable model to make it
implementable?

A: The business model in DR telemedicine is about cost avoidance. It's a 10:1 ratio for avoiding complications
of diabetic retinopathy. My Texas friends will be ashamed of me saying this, but the only way this is ever going
to work is where cost avoidance plays the same impact as places like the UK. Single-payer is the only way this
is going to work. What we need is a public health model to see this conducted at VA or DoD, but until we have
a step to the left with respect to healthcare it's going to be tough. The technology is there, the innovative stage
is done, but we need the system to change.

Q: You alluded that there are quality assurance (QA) activities for people working at sites.
Could you elaborate on that a bit? I've heard from Native Americans that one problem is
having a competent, trained individual on site.

A: Space and staff are the two biggest impediments to our program. The QA that we use are end-to-end. We're
looking at every part of the process when we do QA, so we're able to determine proficiency of the image
enterer by their ungrade-ablity, and by the rate and quality of images in the system. We can normally detect a
dip in image quality immediately and then we remotely contact the individual doing the imaging and help
them improve.

Symposium: Diabetes Prevention, Care, and Education in the Digital Age

Preventing Type 2 Diabetes in the Digital Age―The National Diabetes Prevention
Program

Ann Albright, PhD (Centers for Disease Control and Prevention, Atlanta, GA)

The CDC's Dr. Ann Albright described several exciting ways in which the National Diabetes Education
Program (NDEP) is incorporating technology to drive diabetes prevention. The CDC is currently partnered
with Google to adjust the Google Health Card that appears when users search for "type 2 diabetes." Currently,
the card includes some information on prediabetes, but Dr. Albright believes it can be optimized to connect
users to resources and increase participation in the CDC's diabetes risk test. A new version of the card has
been developed and is currently being tested. Dr. Albright also highlighted a new digital tool for DPP coaches
to share with their patients. The modules, which are currently being tested in the field, have helped patients
feel more engaged, as well as reinforced their commitment in the program.
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▪ Dr. Albright strongly asserted that the National DPP can be delivered effectively both
in-person and virtually (not surprising, as the CDC has fully recognized at least six
digital DPPs). She stressed that head-to-head studies comparing the two modalities aren't useful,
as the main goal is to create as much access as possible - programs should instead be compared to
the CDC standards. Dr. Albright encouraged the use of technology, noting that virtual DPP delivery
can reduce behavioral and structural barriers that might otherwise prevent individuals from
participating in in-person programs. While she highlighted Medicare reimbursement of DPPs as a
potential "big win for all of us," she recognizes that there is still much to be done in expanding
access. To this end, the CDC is hosting a Telehealth Think Tank to address regulatory, payment, and
technology barriers for the DPP. The results will be made publicly available - we'll be eager to hear
any discussion on Medicare reimbursement for digital DPPs, which many were frustrated to see not
included in CMS' decision last summer.

Future Research/Concluding Remarks

Judith Fradkin, MD (NIDDK, Bethesda, MD)

Terming the current generation of digital health tools "Digital Medicine 1.0," NIDDK's Dr. Judith Fradkin
called for more research into which approaches work and for whom. To this end, she highlighted NIDDK's
funding opportunities for digital translation research to improve diabetes and obesity prevention and care
(PAR-18-106 and PAR-18-107) and encouraged those in the audience to apply. Digital is not a requirement of
the program, and only mentioned once fairly down on the page, so these opportunities are open to any
"implementable and potentially scalable and sustainable strategies for healthcare delivery" relating to
prevention and care of obesity and diabetes. During her talk, Dr. Fradkin suggested that she sees potential in
the large variety of apps to facilitate shared decision making, foster sustained lifestyle change, and enhance
medication adherence. She especially highlighted the opportunity to better target prevention and treatment
approaches to at-risk populations through digital health. That said, she acknowledged that many of these apps
have not been clinically validated at this point and suggested that the "details need to be worked out" and it's
"time to embrace change and build the evidence base." We are optimistic that the FDA's PreCert program -a
TSA PreCheck-like program for digital health software developers - will ensure strong health apps get through
FDA quickly and are consistently updated. Beyond digital health, she touted EHRs as an untapped resource
that can be used to improve surveillance, early detection, diagnosis, and treatment of diabetes. She talked at
length on this topic at ADA a year ago.

▪ Dr. Fradkin previewed ADA 2019, promising that the National Diabetes Education
Program's (NDEP) upcoming "Guiding Principles for the Care of People with or at
Risk for Diabetes" will be presented. The guide is directed at healthcare teams and outlines 10
evidenced-based principles for diabetes prevention and management, focusing on areas of
consensus among the various existing clinical practice guidelines. The guide was created in
collaboration with representatives from all of the major societies involved in diabetes care and also
includes practical, clinically useful resources for healthcare teams.

Diabetes Mine D-Data Exchange

One Drop to Launch 12-Hour Glucose Prediction for T2 Non-Insulin Users In 3Q18
(Very Cool) 860,000 users globally

Dan Goldner, PhD (One Drop, New York, NY)

One Drop shared bold new plans to launch "Automated Decision Support in 3Q18 for type 2 users not on
insulin: a forward-looking 12-hour glucose prediction. Wow! The interface looks very slick and focuses on
whether predicted glucose is in line with a user's goals. As covered above, the app will give a 12-hour, forward-
looking, colorful glucose trace based on recent history - the predictions are based on fingerstick data, food
logging, exercise data, and more. One Drop is leveraging machine learning models and metabolic simulations.
Notably, the presenter was One Drop's Head of Data Science Dr. Dan Goldner, who previously worked at
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NASA creating simulation models for multi-year strategic problems! We love this concept of data-driven
decision support for a population that does not have much data to learn from - assuming it is accurate, of
course. One Drop's model needs just a single fingerstick to get started and continually adapts its forecast
based on the inputted data. This is certainly a competitive run at Medtronic/IBM Watson's Sugar.IQ, which is
only designed for Medtronic CGM users and does not yet give this level of granularity around glucose
prediction (of course, Medtronic is focused on insulin users and One Drop is not initially). One Drop also
gives paired lifestyle-focused tips - e.g., walk after meals - which the company says excludes it from FDA
regulation at this time. At first the insights and recommendations will come as notifications with frequency
controlled by user. Over time they will get smarter, as One Drop collects more data about what users like. The
feature "is coming for people on insulin," though no timing was shared; we assume this will require some
regulatory effort and far more modeling. We'd note Medtronic's plan to launch forward-looking glucose
prediction with Sugar.IQ is more than two years away (per its Analyst Meeting), meaning One Drop could be
ahead on this if it can accelerate the incorporation of insulin and CGM.

▪ One Drop now has >800,000 users, >50 million blood glucose readings, and >1 billion
data points. The user base continues to rise from 650,000 last November and 750,000 in March.

Product Demo Highlights: Ascensia Challenge winner Whisk (AI nutrition
platform); Spike CGM app floors audience; Many More

As always, Diabetes Mine's D-Data event included many fascinating product demos; we include brief
highlights below.

▪ Ascensia announced its Diabetes Innovation Challenge winner Whisk - a cool UK-
based company with an AI-driven nutrition platform and "Culinary Coach." As winner
of the challenge (cash prize: €100,0000), Whisk plans to create a personalized food
experience for people with type 2 diabetes that will learn from their blood glucose readings and
make tailored diabetes food recommendations - e.g., what meals spike blood sugar more than
others. Nice! Whisk is "the leading food AI player globally" and its technology is used by many
companies - powering ~100 million recipes on various sites and half a million shopping lists every
month at grocery retailers including Walmart, Tesco and Amazon Fresh. The company has a "food
genome" that can break down foods' nutritional content and flavor, as well as retailers' store items
and prices. Whisk will build the food capabilities into the Contour Diabetes app, aiming to take
friction out of planning, buying, and finding food (focus on type 2). Users will be able to share their
diet preferences and receive tailored recipe recommendations, a simple shopping list to make those
recipes, and even add the items to an online grocery shopping cart to buy them.
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▪ The open-source, free Spike CGM app wowed the DIY audience and patients in the
room, but also alarmed the regulators. The free app aims to help users "Get the Most Out of
Your CGM Transmitter." It connects directly to the Dexcom G4/G5 and add-on devices for FreeStyle
Libre (e.g., Ambrosia BluCon transmitter), bringing some pretty bold features: no seven-day sensor
shutdown for Dexcom, no 112 days hard G5 transmitter shutdown, no two-hour warmup periods
without data, no ??? sensor output, and it can display raw uncorrected glucose values. For FreeStyle
Libre, it can extend the sensor life and can display values even from warm-up periods. Users can
also input carbs and insulin and calculate insulin on board, carbs on board, and get absorption
curves. The app can also speak glucose readings, an advantage for the visually impaired and
athletes; one surgeon even uses it in the US while he is doing surgery! Spike was released to the open
source community recently (>6,000 users). It is available via Test Flight in beta (only an email
address needed to download app), though is most definitely not FDA approved and most definitely
counts as a medical device. (Dr. Lias' seemed perturbed on seeing this demo and spoke to the
gentleman during the break. We agreed, not even having heard the conversation.) That said, this app
could be a good model for industry of where CGM apps could go in terms of data collection, data
display, decision support, and more. The visual design is a bit clunky, but see the features here,
which were widely praised by patients in the room.
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▪ D-Data had a few other demos, including AADE Dana platform (to inform educators about
diabetes tech; launching in August), Novo Nordisk/Glooko's Cornerstones4Care app (lightly
criticized by Cherise Shockley and Dr Jeremy Pettus as to what it adds over existing apps),
Metronom's Health's CGM (second round of human trials end of this year, regulatory submission in
early 2020 - delayed at least six months from the ATTD timing), Senseonics' Eversense (just
approved), Mytonomy (microlearning via video; presented by Deb Greenwood), and LoopDocs (the
wiki-how on setting up the DIY system, Loop).

Oral Presentations: Innovations in Insulin Formulation and Delivery

Digitally Enhanced Insulin Therapy-A Multicenter Clinical Trial

Israel Hodish, MD, PhD (University of Michigan, Ann Arbor, MI)

University of Michigan's Dr. Israel Hodish presented data from a six-month RCT (n=181) of Hygieia's d-Nav
device (BGM + insulin titration) plus remote HCP support vs. HCP support without titration in type 2
diabetes at IDC, Henry Ford Health System, and Iowa Diabetes and Endocrinology Center: A 1.0% A1c
decrease (baseline: 8.7%) with d-Nav + HCP support vs. a 0.3% decrease (baseline: 8.5%) with HCP support
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alone. This study appears to have been presented as an ADA 2017 poster; the numbers all appear the same.
Notably, the HCPs did not assist with titration, but were there to make those in the intervention more
"comfortable following the recommendations of the device," and presumably offered general diabetes support
in the control arm. Despite the significantly greater drop in A1c with d-Nav-led titration, the groups
experienced similar levels of hypoglycemia (0.29 events <54 mg/dl per patient per month) and just two severe
hypos each in the six months. Dr. Hodish showed a graph of TDD/body weight over time, clearly illustrating
that the group that didn't have titration was not receiving the volume of insulin it needed, at the right time, to
drive A1c down. While the two groups started at similar doses, the HCP-only group saw TDD/kg/day rise just
from 0.71 at baseline to 0.76 at six months - meanwhile, the d-Nav + HCP group's TDD/kg/day grew from
0.77 at baseline to 1.24. d-Nav recommended a mean 1.1 adjustments per week in the intervention group, of
which only 0.2 per week were down-titrations. These data complement positive Hygieia data from a 90-day
BCBS study.

▪ Dr. Hodish also showed the longitudinal TDD (in units) of an individual across a
4.5-year period, showing occasional dips in insulin requirements, with more-or-less
constant A1c. He asserted that this ~yearly dip happens in about half of all patients, and you can't
predict it. This, he said, is why insulin needs to be chased with frequent titrations.

Beyond A1c and Hypoglycemia

Symposium: Beyond HbA1c in Pediatric Diabetes-Is It Time to Look at
Other Outcomes? (Supported by a grant from The Leona M. and Harry B.
Helmsley Charitable Trust)

It Is Time to Incorporate Other Glycemic Outcomes

Roy Beck, MD, PhD (Jaeb Center for Health Research, Tampa, FL)

In a never-before-seen, compelling analysis, Jaeb's Dr. Roy Beck showed the HIGH correlation between time-
in-range in DCCT (taken from seven-point BGM profiles) and microvascular complications. It looked almost
identical to the relationship with A1c! The pictures below tell the clear story: time in 70-180 mg/dl (>50%,
40%-50%, 30%-40%, <30%) had a stepwise correlation with retinopathy progression and development of
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microalbuminuria. Notably, each 10-percentage-point drop in time-in-range increased the hazard rate for
retinopathy progression by 61% and for microalbuminuria by 53%. Wow! It is remarkable the correlation is
this tight, given that seven-point daily fingersticks were only taken quarterly during DCCT (pre/post meals
and pre-bedtime). If anything, Dr Beck pointed out, the correlation might be stronger with CGM, which would
more accurately capture time-in-range after meals and overnight. Even still, he noted this data is a "strong
association" and "gives a compelling case" to validate time-in-range as a predictor of long-term complications.
Wow! It was also interesting to see time-in-range in the DCCT groups: 52% in the intensive group (A1c: 7.3%)
vs. 31% in the conventional group (A1c: 9.1%). Dr. Beck added that since both A1c and time-in-range are
primarily measures of hyperglycemia, they should correlate quite well with each other - we're glad to see that
played out here. The Jaeb team is in the process of looking at cardiovascular outcomes too; we'd guess the
association would be weaker, but who knows! Dr. Beck emphasized that it would be costly and perhaps not
possible to replicate the DCCT study to answer this question; perhaps this type of analysis will persuade
regulators to accept time-in-range as an alternate efficacy endpoint. He also confidently noted the data
already exists to validate time <70 mg/dl and <54 mg/dl - see the slide below, which we hope the FDA will
take seriously as it considers CGM data and potential efficacy claims. (On this note, Dr. Beck mentioned the
Beyond A1c group's recent Diabetes Care paper, "Need for Regulatory Change to Incorporate Beyond A1c
Glycemic Metrics.") We look forward to seeing this fresh DCCT analysis formally published, hopefully soon!
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Symposium―Refining Measurement of A1C―Do We Know What It Means?

What A1C Results Don't Tell You (about Risk for Complications)

Richard Bergenstal, MD (International Diabetes Center, Minneapolis, MN)

In a way that only he could, IDC's Dr. Rich Bergenstal summed up the beyond A1c with a simple statement:
"A1c answers the question, 'Do I need to take action to prevent long-term complications?' CGM answer the
question, 'What action to I need to take to prevent long-term complications, prevent short-term
complications, and reduce the burden of diabetes and improve quality of life?" What a great way to phrase it!
We think these questions should be written into textbooks TONIGHT - if diabetologists and GPs are trained to
think this way, the beyond A1c movement will be the norm. However, we might suggest one minor
modification: A1c answers "Might I need to take action to prevent long-term complications." A high A1c
doesn't necessarily mean a patient is at high risk of complications if they have a condition artificially raising
their A1c beyond that which would be reasonably expected from their mean glucose.

▪ After introducing the concept of GMI (Glucose Management Indicator) to replace the
confusing term "eA1c," Dr. Bergenstal unveiled a brand-new GMI calculator on the
Jaeb Center's website: https://www.jaeb.org/gmi/ Nice! The formula for this calculator is
slightly different from that used in eA1c calculation, since it is derived solely from CGM data from
five recent studies, but it is the same idea. Hopefully this will be published in a journal soon and
companies can get it back in their reports. We particularly like that the calculator comes with the
disclaimer: "The GMI may be similar to, higher than, or lower than the laboratory A1c. Differences
between the GMI and laboratory measured A1C may reflect differences among individuals in the
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lifespan of red blood cells or how glucose binds to hemoglobin in red blood cells or could occur do to
a recent, short term fluctuation in glucose control." Nice!

▪ Dr. Bergenstal also listed the top four reasons, in his mind, that A1c is limited:

◦ (i) Using A1c alone to guide improvement in care isn't working - "it hasn't gotten us too
far." 52% of people are still not down to 7% A1c, and only 30% of people on insulin have
reached an A1c of 7%, he cited.

◦ (ii) There is not broad agreement on A1c targets. Is it <6.5%? (AACE) <7%? (ADA) 7%-8%?
(ACP) ACP recently stirred up controversy, 'everyone should be between 7%-8%, and if
you're older than 65, we don't care about you anyway,'" he joked. A recent article, he noted,
suggested that experts convene and agree on A1c guidelines. And if A1c is used to guide
treatment, set rational targets by age, comorbidities, etc.

◦ (iii) A1c tells only part of the story of glucose control/management. He showed a series of
AGPs with vastly different profiles and identical A1cs, then asked: "Do you really want to
use A1c alone? I think we want to know what A1c is for complications, but not for
treatment."

◦ (iv) Complications: More than long-term vascular disease. A1c misses short-term
complications (hypoglycemia), diabetes-related distress and burden of living with diabetes,
and sleep.

Questions and Answers

Dr. Nicholas Argento (Maryland Endocrine and Diabetes Center, Laurel, MD): For Abbott
Libre Pro, the population mean glucose for an A1c of 7% was 143 mg/dl, whereas the
population mean for an A1c of 7% on other CGMs was 155 mg/dl. Is that an outlier?

Dr. Bergenstal: The formula we have currently was a mix of new generation - Dexcom, Libre - and from
several thousand patients. Over time, I think with the scrutiny of how tight you have to be and how accurate
you have to be, they'll be squeezed in, and they'll be pretty equivalent. But maybe there's a slight variation. We
haven't changed the formula [for different sensors] at this point.

Dr. Argento: Best I can tell, Libre is 12 points different from Medtronic and Dexcom. That's a
half point of A1c.
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Dr. Bergenstal: Let's see more data. Treating the profiles gets you to where you need to be - how much you
rely on this exact metric is up to you.

Dr. Sue Kirkman (UNC): Just to play devil's advocate, did we ever rely only on A1c, especially
for type 1 diabetes management? I agree with what you're saying, but it's a bit of a strawman,
don't think anyone would say we shouldn't use only A1c?

Dr. Bergenstal: Ah, type 1, 5% of the population…I don't think we only relied on it, but we never got enough
SMBG data, and we sure missed a lot of hypoglycemia, especially overnight, no matter what we did.

Dr. Kirkman: Also, why bring back the number [eA1c] and call it GMI, when the units are
exactly the same as A1c? How is that less confusing?

Dr. Bergenstal: Well the expectation is not there that the two should agree. The expectation shouldn't be that
it'll agree with the lab value. There are good reasons it shouldn't agree, and you can decide which to trust. If
you have a good two weeks of CGM, and your eA1c is 0.6% lower than your lab A1c of 7.2%, then I'd argue you
have to be careful.

Dr. Kirkman: Why not just use average glucose then?

Dr. Bergenstal: Well they already know the A1c, now we're saying be careful when making A1c targets, because
the number is always running higher or lower than expected.

Posters

The Relationship Between Hypoglycemia and A1c in the DiaMonD (7-LB) and
HypoDE (9-LB) Studies

M Reddy et al. (7-LB); N Oliver et al. (9-LB)

Using data from the DiaMonD (CGM in type 1s on MDI) and HypoDE (CGM in type 1s on MDI with impaired
hypoglycemia awareness) studies, two posters from the Imperial College London group concluded that real-
time CGM allows MDI users to achieve low A1c levels without increasing hypoglycemia. A sub-analysis of
DiaMonD participants who completed Phase 1 of the study (n=105 CGM; n=53 control) found that at baseline,
time <70 mg/dl and <54 mg/dl was similar for the two groups, with a trend towards more hypoglycemia in
those at the lower limit of the allowed A1c value for inclusion (7.5%). However, at 24 weeks, there were
significant between-group differences in favor of CGM at both time <70 mg/dl and time <54 mg/dl;
importantly, there was no association between decreasing A1c and time <54 mg/dl. As an illustration, in the
SMBG group, an A1c of ~6% correlated with a striking 10% of the day <70 mg/dl and 3% of the day <54 mg/
dl; in the CGM group, the same A1c of ~6% correlated with ~7% of the day <70 mg/dl (~one hour less/day)
and ~2% of the day <54 mg/dl (~14 minutes less/day). The researchers concluded that real-time CGM enables
safe intensification of MDI therapy and achievement of optimal A1c levels without increased risk of
hypoglycemia. A sub-analysis (9-LB) of the HypoDE trial (n=149) revealed similar results, which is perhaps
more compelling, since the participants had difficulty detecting hypoglycemia symptoms. At baseline, time
<70 mg/dl and <54 mg/dl were similar for both groups, with a trend towards more hypoglycemia in those
with lower A1c. At 26 weeks, significant between-group differences were observed in favor of CGM. While
there was a strong association between decreasing A1c and increasing time <54 mg/dl at baseline, this
correlation was weakened following 26 weeks of CGM use. At 26 weeks, a 6% A1c in the CGM group correlated
with ~2.4 fewer hours/day <70 mg/dl and a truly impressive ~1.2 fewer hours/day <54 mg/dl compared to
the SMBG group. The investigators concluded that even - especially, we might say - in this high-risk
population, real-time CGM can help safely intensify MDI therapy to achieve near-optimal A1c levels. We're
thrilled to see such well-done analyses conducted further confirming the value of real-time CGM in MDI
patients, as the majority of type 1s are treated with MDI. Hopefully, far stronger clinical guidelines and
recommendations will follow.
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Associations between A1C and Continuous Glucose Monitoring-Derived Glycemic
Parameters (899-P)

P Calhoun, T Johnson, J Welsh, T Walker, D Price

A picture is worth a thousand words with this poster. Data compiled from 530 Dexcom CGM users (455 type
1s) in the last two weeks of outcomes trials - DiaMonD Phase 1, DiaMonD Phase 2, Replace-BG, and HypoDE
- provides a look at the relationship between A1c and time in ranges. Based on the figures, mean glucose, time
>180 mg/dl, and time 70-180 mg/dl correlate strongly with A1c, while time <70 and <54 mg/dl do not as
strongly, confirming that A1c is more a measure of hyperglycemia than hypoglycemia. As for specific
numbers, median time-in-range for subjects with A1c <6.5% was nearly 75% (~6% of time <70 mg/dl), while
time-in-range for subjects with A1c ≥8.5% was <40% (~1% of time <70 mg/dl, >20% of time >250 mg/dl).
Patients with high A1cs did spend less time <54 mg/dl, but the median time was <20 minutes/day for all
groups. As the blue box on the right points out, >90% of subjects had an A1c value <7.0% with: (i) mean
glucose <140 mg/dl; (ii) >80% time 70-180 mg/dl; or (iii) <2% of time >250 mg/dl. These could offer great
benchmarks for CGM goals - more granularity to help patients lower their A1c. For more on the relationship
between A1c and CGM-derived metrics, see Dr. Roy Beck's 54-page slide deck from a talk he gave at The
diaTribe Foundation's ATTD 2018 Art Walk in Vienna - this is the single most comprehensive resource
exploring these relationships that we know of!
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Glycemic Variability Associated with Time Spent in Hypoglycemia in Type 1
Diabetes: Explorative Data in Real-World Real-Time Continuous Glucose
Monitoring (80-LB)

E Hachmann-Nielsen, T Bartholdy, CB Djurhuus, K Kvist

This very important Novo Nordisk poster found high glycemic variability to be a significant predictor of time
in hypoglycemia (<54 mg/dl), whereas mean CGM glucose was a stronger predictor of time in hyperglycemia
(>250 mg/dl). CGM data from type 1 patients (n=112) uploaded to Novo Nordisk's Cornerstones4Care
Powered by Glooko app, were analyzed to determine each individual patient's mean glucose and coefficient of
variation (CV) over the last 14 days. When CV rose above a threshold of 30-36%, there was an observable
increase in time-in-hypoglycemia, and when CV was above the Diabetes Care consensus cutoff of 36%, there
was a clear increase in time spent in hypoglycemia - this aligns with Monnier et al.'s description of 36% as the
upper limit of a "stable" glycemic profile. Time-in-hyperglycemia and time-in-range were not strongly
correlated with glucose variability, but were more heavily influenced by mean glucose. We love seeing this
analysis of CGM metrics, which helps give context to variability - as the investigators conclude, glucose
variability should be considered an important factor for diabetes management. Moreover, staying below the
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threshold of CV≤36% appears to be particularly critical in reducing hypoglycemia risk. The results also shed
light on the limitations of A1c - mean glucose had basically no correlation with time <54 mg/dl, while CV did
at a level >36%.

▪ The poster reports that 5,482 patients were uploading data to the Cornerstones4Care
app at the time of analysis, 676 of whom had self-declared type 1 diabetes. The app
launched ~a year ago and is basically Glooko's diabetes data app rebranded under Novo Nordisk's
CornerStones4Care The iTunes description lists over 50 sync-able BGM, insulin pumps, and CGM
devices), trend recognition, charts and graphs, reminders, food and medication databases, and
educational information on diet, exercise, and lifestyle choices. It currently has 3.6/5 stars on the
App Store from 11 ratings, and 4/5 stars on Google Play from 22 ratings. We assume that a future
component of the app will add insulin dose titration and more robust insights, a stated goal of the
Novo Nordisk-Glooko collaboration.

Nasal Glucagon Budget-Impact Model Shows Reduced Healthcare Payer Costs for
Severe Hypoglycemia Due to Emergency Care Costs Savings (138-LB)

BD Mitchell, J Pohlmann, B Osumili, S Bajpai, WJ Valentine

This Lilly poster projected that, for 10,000 patients over two years, introduction of nasal glucagon would
reduce the Medicare budget for severe hypoglycemia events (SHEs) by $229,000 for type 2s on basal-bolus
therapy, $317,000 for type 2s on basal-oral therapy, and $1.1 million for type 1s. The poster unfortunately
didn't provide denominators for these categories (so we can't extrapolate the full impact to the Medicare
budget), but the model projects the following per patient-per year savings: $11.45 for type 2s on basal-bolus
therapy, $15.85 for type 2s on basal-oral therapy, and $55 for type 1s. In total, this could imply a per-year
Medicare budget savings to be in the neighborhood of ~$45-$50 million (~$17 million for type 1s and ~$30
million for type 2s), assuming ~300,000 type 1s on Medicare (Dexcom estimate) and just over 2 million
Medicare patients with type 2 diabetes on basal or basal-bolus insulin (the latter is speculation on our part);
see our Medicare CGM estimates for more granular numbers. Those projected savings are just from switching
glucagon types. The model relies on previous findings (and expert opinion) that nasal glucagon has a drastic
usability advantage over intramuscular glucagon (IMG) - 94% vs. 13% treatment success, where a failure leads
to an ED visit or an EMS call - that translates to a cost-offset per SHE of $988. The analysis combined this
cost-offset estimation with an analysis of the budgetary impact of introducing nasal glucagon, considering
different populations, time horizon, treatment efficacy, and market share variables. The investigators
concluded that the cost savings were due to the usability advantage of nasal glucagon over IMG, making
successful administration of glucagon during severe hypoglycemia more likely.

▪ A recent Annals of Internal Medicine paper showed that only 0.2% of Medicare
beneficiaries with diabetes are prescribed glucagon of any kind. While CMS may perceive
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glucagon to be a cost - $280 per kit, according to the poster - it's certainly better than having to pay
for an EMS transport to the ED (~$660) or for ED treatment (~$1,290).

▪ Real-world data from nasal glucagon shows greater efficacy and ease-of-use over
existing glucagon options, and this new analysis adds another factor in support of its
broader implementation. Lilly's nasal glucagon (submitted to FDA and EMA in 2Q18) is joined
on the next-gen glucagon competitive landscape by several phase 3 candidates: Xeris' liquid-stable
glucagon rescue pen (FDA submission expected 3Q18), and Zealand's dasiglucagon (FDA
submission expected 2019; also in development for congenital hyperinsulinism). We're pleased to
see such a robust competitive landscape for hypoglycemia rescue, and we see more than enough
room for multiple next-gen products to be successful in this longstanding area of unmet need.

Incidence of Hypoglycemia Events in a Large, Real-World Diabetes Population
(406-P)

J Bollyky, W Lu, and J Schneider

In a population of 35,436 individuals using Livongo's cellular-enabled meter for three months, mean percent
of SMBG values in the hypoglycemic range were reported for various therapy groups. See the table below for
all of the values. Notably, both the type 2 population on MDI/pump therapy and the type 2 population on
orals-only seemed to experience more hypoglycemia than did the type 1 group. Of course, since the study uses
SMBG and not CGM, there is missing data -the duration and depth of these hypoglycemic events, the true
frequency of hypoglycemia events over 24 hours, especially at night and after meals - but we love that Livongo
is leveraging its user base to break out real-world trends. If anything, these data likely underestimate time in
hypoglycemia in all the groups, as the share of fingersticks <70 mg/dl only represents a single event - not the
number of minutes glucose has been low.

No meds
(n=3,181)

Orals only
(n=19,135)

Insulin once
daily
(n=5,315)

Insulin more
than once
daily - Type 2
diabetes
(n=4,606)

Insulin more
than once
daily - Type 1
diabetes
(n=2,834)

Mean % BG
<70 mg/dl

1.08% 3.95% 1.14% 4.16% 3.21%

Mean % BG
<54 mg/dl

0.20% 1.24% 0.26% 1.85% 0.89%

Mini-Symposium: Special Topics in Hypoglycemia

Economic Impact of Severe Hypoglycemia

Philip McEwan, PhD (Health Economics and Outcomes Research Ltd., Swansea, UK)

Swansea's Dr. Phil McEwan expounded upon a number of factors that may be causing the true economic
impact of to be underappreciated. We're glad that people like Dr. McEwan are working on this issue - the
more visible hypoglycemia gets, the more investment it will receive.

▪ Fear of hypoglycemia causes people to relax treatment, putting them at higher risk of
vascular complications. Dr. McEwan referenced data showing that many providers and patients
decrease insulin dose following a severe hypoglycemia, and most providers say they would treat
patients more aggressively if they didn't have to worry about hypoglycemia (no surprise there). This
A1c "bounce-back" effect can have significant consequences from a cost perspective: The lifetime
costs of maintaining an A1c of 6% is ~20,000 British pounds; for an A1c of 10%, this number more
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than doubles to ~40,000 British pounds (Baxter et al.). Said Dr. McEwan: "The barriers to obtaining
optimal levels of glucose control have a cost, but it's difficult to assign the cost implication to
hypoglycemia in an economic evaluation. It's known to exist, but tough to capture robustly in
evaluations." Dr. McEwan told us after the session that if he could run a dream trial with no cost
constraints, it would be to study this phenomenon with CGM and connected pens/pumps to better
understand the economic cost of fear of hypoglycemia.

▪ A growing body of evidence supports an association between hypoglycemia and CV
mortality/morbidity, but these are not yet included in economic evaluations. Dr.
McEwan shared that CV risk equations from ACCORD - the BRAVO risk engine - has severe
hypoglycemia as a coefficient for a number of CV events. "It's likely that we'll start to see equations
like this embedded in economic models in diabetes to derive estimate for costs of hypoglycemia
directly, as opposed to just fear and quality of life."

▪ Cost per hypoglycemic episode is often presented as a mean, which masks underlying
variability. For example, a Portuguese study showed that each event of severe hypoglycemia cost a
mean ~1,500 euros - however, according to Dr. McEwan, the variability is from 35.00 to 26,000
euros! Further, presenting the mean cost per episode doesn't really tell the whole story. The DART/
MEMO study (1996) reported 244 hypoglycemic events costing 92,078 pounds in a year in a Scottish
hospital. In 2017 follow-up, the rate of hypoglycemia in type 1s and type 2s had dipped by ~33% and
~67%, respectively, but the overall number of hypoglycemia events rose to 702 and the cost shot up
to 246,997 pounds. Of course, the explanation is that the diabetes prevalence had grown 2.7-fold,
but the population burden would've been missed by a mean cost per-patient presentation.

New Definition of Hypoglycemia-Why Does It Matter?

Simon Heller, MD (University of Sheffield, Sheffield, United Kingdom)

Sheffield's Prof. Simon Heller peppered throughout his talk numerous assertions that the evidence base
around hypoglycemia is limited, but enthusiastically suggested that Hypo-RESOLVE will help to bridge that
gap. He pointed to a number of studies supporting 54 mg/dl as a logical second threshold for classifying
hypoglycemia in clinical studies - e.g., cognitive function and reaction time deteriorate below 54 mg/dl,
glucose levels below 54 mg/dl can reduce awareness of hypoglycemia, there is evidence that arrhythmias are
triggered by glucose levels <54 mg/dl - but capped the run with, "admittedly, the evidence is relatively
limited." Plus, he added, the clinical significance of arrhythmia in this context is "uncertain." Referring to the
NICE-SUGAR study that demonstrated increased mortality to be associated with glucose <55 mg/dl to further
support the use of 54 mg/dl, he noted that it used 40 mg/dl as the cutoff for severe hypoglycemia, concluding:
"One of the problems with this work, we have relatively crude data, but we can demonstrate the hypoglycemia
is having untoward effects." Finally, Prof. Heller listed a few gaps in the understanding of hypoglycemia
today: (i) evidence-based data to refine the classification of hypoglycemia; (ii) the level of hypoglycemia
predicting adverse (CV) outcomes and mechanism(s) underlying this association; and (iii) health-economic
and psychological impact of non-severe and CGM-detected hypoglycemia. Hypo-RESOLVE, "a true
international collaboration," he hopes, will help fill these gaps. He repeatedly praised the group's multi-
stakeholder nature, particularly industry's participation and willingness to donate and aggregate its clinical
study data, JDRF/Helmsley Charitable Trust/T1D Exchange's funding even though the group is based in
Europe, and the patient advisory committee. Hypo-RESOLVE kicked off with a meeting in Denmark in May -
we can't wait to hear what's on the roadmap!

▪ Prof. Heller found it "gratifying" that JDRF, ATTD, EMA, and ISPAD have adopted the
IHSG's proposed glycemic thresholds for hypoglycemia: <70 mg/dl and <54 mg/dl.
[ISPAD's guidelines will be published "in the next month or two."] "At the moment, he said, FDA is
presently unclear, and we wait to hear their decision." We so hope they decide to align with the rest
of the world. Regarding the level of hypoglycemia <54 mg/dl, Prof. Heller noted that IHSG had
trouble deciding on the correct clinical term - major, serious, clinically relevant, clinically
significant? "Major" wouldn't work due to Spanish linguistics, he said, "serious" sounded "too
alarmist," so they settled on clinically relevant, though he's not sure that's where it'll stay.
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▪ As a reminder, Hypo-RESOLVE is a major collaboration among 23 other leading
international players from academia, industry, and civil society. "Hypo-RESOLVE"
means "Hypoglycemia - Redefining SOLutions for better liVEs". Over the course of four years, €26.8
million (~$32 million) in funding from the Innovative Medicines Initiative (IMI), JDRF, and
Helmsley Charitable Trust will help to better understand the causes of hypoglycemia and
preventative measures that can be taken. Hypo-RESOLVE will kick off with a meeting in Denmark
May 16-17.

Questions and Answers

Prof. Philip Home (Newcastle): I can't believe I'm saying this, Simon [Heller], but you didn't
use the word 'symptoms' once during talk - for patients, hypoglycemia means unpleasant,
inconvenient, and embarrassing symptoms. I'm worried that they may get ignored…where
should they be in the definition?

Prof. Heller: Symptoms differ between and within individuals. They have a huge consequence to paints in
terms of how they feel and clearly contribute to fear, but we know that hypoglycemia thresholds alter
depending on the frequency of hypoglycemia events, A1c…In terms of defining hypoglycemia, it's difficult to
include them in definition, which is primarily to be used to undertake clinical studies and to compare clinical
benefit. Within an alert value, the symptoms will often provoke the SMBG test, and it's there in ADA
definition, not to supersede the work being done, but to add a new level, particularly for trials and to aid us in
incorporating CGM as it is adopted. I predict in 5 years all type 1s will probably be on CGM.

Q: What glycemic bins do you recognize?

Prof. Heller: CGM uses time in range, I think that'll be pre-specified, 70-180 is one such definition. It's one
way we will talk about benefit. But when using CGM to define hypoglycemia episodes, less than 54 mg/dl, you
also have to define the period for single event. It's been agreed - see this is a work in progress - that the period
will be 15 minutes. That's just the way ATTD have defined hypoglycemia. Now, you might say that's interstitial
glucose, different from plasma glucose - yes it is. But to simplify what we're trying to achieve here, it's been
agreed we'll go with a similar glucose level. It's a work in progress, the definition will probably need refining,
but it's the best we have at the moment.

Q: I think patients with impaired awareness of hypoglycemia are very special - there is brain
protected against hypoglycemia, and the heart also.

Prof. Heller: Of course you're right, one of the protections we have against hypoglycemia when people are first
diagnosed is a profound counter-regulatory response, which can counter the effect of insulin. It generates
symptoms to alert patients that their glucose is low, which is a fundamental part of education when someone
is diagnosed. It's beneficial, but on the other hand, there is accumulating evidence that it may be harmful to
the CV system. It's a double-edged sword. The other thing to remember is the longer you have type 1 and
possibly type 2 diabetes, you begin to lose adrenergic response - most don't rely on that when they've had
diabetes for 15-20 years, they begin to rely on neuroglycopenic symptoms - feeling confusion, not right - but
by that point, they're obviously already experiencing the detriments of hypoglycemia, so it's not ideal.

Q: How long can the heart resist during hypoglycemia, since it requires glucose?

Prof. Heller: The answer is that we don't know to what extent, indeed some people don't think hypoglycemia
has any major effect on heart, least sudden death. And to their credit, hypoglycemia events might just be
identifying already-sick people. You can do mechanistic studies showing that catecholamines can cause
arrhythmia, other things that can lead to fatal events, but I suggest its likely to be cumulative. Hypoglycemia
can kill - we know about dead in bed - but we don't know what initiates the fatal arrhythmia. Animal studies
show it's lethal for sure, and at least contributed to by the sympathetic nervous system, but we don't know
how long it takes. Whatever you think, we should be avoiding hypo.

Q: I totally sympathize with ADA stating 70 mg/dl as the cutoff level, because we all
understand clinically speaking, if patient gets to 70 and doesn't start to treat, that's the patient
that will then go to 50. If gets to 50, he will go to 30. We should have two thresholds: One for
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clinicians, and one for patients. 70 is a great value - if it is left, patients will go to 50, and
maybe to 30 or 20.

Prof. Heller: I'm not saying you should remove 70 mg/dl as an important level, we said that level one
hypoglycemia is an alert, exactly the same as you pointed out, for both the clinician and the individual. It's
important. Alert, check it, before it goes to 54 mg/dl. By just having 70 in studies, then we're missing an
opportunity to measure the burden of hypoglycemia. We could make the case to payers, treat elderly with
agents to reduce the risk of hypoglycemia. We've also said in many studies we should include it on top of 54
mg/dl.

Oral Presentations: Glucose Monitoring-Advances, Pitfalls, and Clinical
Relevance

What Is the Role of A1C in Comorbidities?

Jordan Perlman, MD (University of Washington, Seattle, WA)

University of Washington's Dr. Jordan Perlman, a pupil of the great Dr. Irl Hirsch, presented a very
interesting retrospective analysis on a group of 1,039 patients, finding that 33.5% had "discordant" average
glucoses. "Discordant," in this case, means that the patients' CGM/SMBG-derived average glucoses differed
from the average glucose derived from their lab A1cs (using the ADAG study as a reference) by at least 15%. A
small portion of this discrepancy can be attributed to comorbidities previously proven or hypothesized to
invalidate A1c, such as stage of CKD (GFR <45 increases the odds of ADAG discordance) or NAFLD (trend
toward greater discordance in individuals with NAFLD). However, in the study population that had no
comorbidities (n=682), 28.7% of individuals still had discordant mean glucoses. What could be causing this
discrepancy? Dr. Perlman didn't delve into all of the possible causes of discordance - that could take all day -
but did detail two. The majority of patients studied were on SMBG (n=756), while the remainder were on
CGM (n=283). 18% of CGM-derived mean glucoses were discordant, while 39% of SMBG-derived mean
glucoses were discordant, suggesting that CGM decreases the odds of ADAG discordance. We'd add a likely
reason: CGM captures more postprandial and overnight values and better reflects true average glucose.
Another possible reason is meter bias skewing the true average glucose value more than CGM would. The
authors also broke the population down by type of diabetes. Of the 681 type 1s in the database, 29% had
discordant mean glucoses, while 42% of the 319 type 2s had discordant mean glucoses - type 2 diabetes
increases the odds of ADAG discordance. Dr. Perlman cautioned against relying on A1c alone to make
treatment decisions because it's unclear when discordance gains clinical relevance - in what patients and at
what level? She proposed that professional consensus is needed to define acceptable discordance before
ADAG-derived mean glucose is expanded. We happened to identify the most with one of her off-hand
remarks: "Maybe there's more of a problem with our test, and less of a problem with the individuals taking the
test." Comorbidities were excluded from the ADAG study because authors didn't want to skew the results of
the study, but these newer data suggest comorbidities are only part of the story, along with "LIMITLESS"
potential for other confounders. Add this well-done analysis to the list of reasons the field is going beyond A1c
to consider glycemic metrics like time-in-range, hypoglycemia, hyperglycemia, and glycemic variability.

Oral Presentations: Preventing and Treating Hypoglycemia

Predictors of Hypoglycemia Avoidance in a Randomized Controlled rtCGM Trial
(HypoDE)

Norbert Hermanns (Research Institute Diabetes Academy Mergentheim, Bad Mergentheim,
Germany)

Dr. Norbert Hermanns (Institute for Diabetes Technology, Germany) presented results from a sub-analysis of
the important HypoDE trial (n=141) investigating the impact of baseline characteristics on successful
reduction of hypoglycemia. HypoDE, the very first randomized controlled trial to examine the efficacy of real-
time CGM (Dexcom G5) in MDIs with type 1 diabetes and impaired hypoglycemia, found CGM significantly
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reduced hypoglycemia incidence (≤54 mg/dl for at least 20 minutes) by 72%. Results from the six-month,
12-center trial were presented at ATTD and published in The Lancet. Dr. Hermanns evaluated the effect of 13
baseline characteristics, including: (i) demographics (e.g., age, diabetes duration); (ii) clinical variants (e.g.,
A1c, severe hypoglycemia in the past 12 months); (iii) patient-reported outcomes (e.g., fear of hypoglycemia,
diabetes distress); (iv) biochemical hypoglycemia (e.g., time <70 mg/dl, hypoglycemia events); and (v)
biochemical euglycemia (time ≥70 mg/dl and ≤180 mg/dl). None of the factors were found to be significantly
linked to successful hypoglycemia reduction, defined as zero hypoglycemia events or at least 50% fewer
hypoglycemia events than at baseline. The only factor that actually predicted successful reduction of
hypoglycemia was randomization to real-time CGM vs. SMBG (OR: 9.8), strongly suggesting that CGM can
benefit MDI-treated type 1s with hypoglycemia unawareness regardless of baseline characteristics. What an
incredible confirmation of the value CGM can bring to a wide assortment of patients! In the 2018 ADA
Standards of Care, CGM indication for those with hypoglycemia unawareness was graded with C-level
evidence - we're hoping that the HypoDE results will serve to increase the strength of this important
recommendation, especially considering that there's now RCT evidence.

Symposium: The Many Faces of Hypoglycemia - Impact on Patient Health
and Well-Being

The Link between Hypoglycemia and Arrhythmias

Simon Fisher, MD (University of Utah, Salt Lake City, UT)

University of Utah's Dr. Simon Fisher presented hot-off-the-press data from his lab on ways to lower
mortality following severe hypoglycemia. He explained that while preventing hypoglycemia altogether
remains elusive, it may be possible to reduce the mortality of severe hypoglycemia with pharmacotherapy.
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According to Dr. Fisher, arrhythmia (and the ensuing acute cardiorespiratory arrest) is the main culprit for
sudden death with severe hypoglycemia; seizures, which can lead to respiratory arrest, also play a part. In the
study he discussed, blocking both of these mechanisms prevented hypoglycemia from becoming fatal. In
rodents, combination therapy with the beta blocker atenolol (to dampen the sympathoadrenal response that
generates arrhythmias) + levetiracetam (an anti-seizure drug) completely prevented death from insulin-
induced severe hypoglycemia. With placebo, approximately 40% of the rodents died. Mortality rate was also
around 40% with beta blocker monotherapy (all deaths from seizure, since arrhythmia was prevented) and
levetiracetam monotherapy (all deaths from arrhythmia and cardiac arrest, since seizures were prevented).
We remain sharply focused on ways to prevent hypoglycemia - through patient education, advanced therapies
(GLP-1s, SGLT-2s, next-gen basal insulins), and CGM - but it's nonetheless encouraging to imagine a
treatment that reduces the mortality associated with severe hypoglycemia when it does occur. We are looking
forward to further updates from Dr. Fisher's lab, and our interest is piqued for whether this combination
regimen could enter the clinic for people at particularly high risk of severe hypoglycemia. To be sure, this is
extremely early-stage research right now.

▪ Although the sulfonylurea class is a notoriously bad actor when it comes to
hypoglycemia risk, Dr. Fisher's work suggests that SUs actually reduce the risk of fatal
arrhythmias during severe hypo. In other words, while SUs cause more hypoglycemia, they
simultaneously reduce the chance that an event will be fatal. Dr. Fischer described how
sulfonylureas also attenuate arrhythmias, thereby lowering hypoglycemia-related mortality.

Impact of Hypoglycemia on Patient-Reported Outcomes and Quality of Life

Linda Gonder-Frederick, PhD (University of Virginia, Charlottesville, VA)

Fear of hypoglycemia is a major, persistent challenge in diabetes care, as Dr. Linda Gonder-Frederick outlined
during this symposium all about hypo. She explained that fear of hypoglycemia typically stems from a higher
risk of hypoglycemia (although there are exceptions to this rule), and advocated for both medical and
psychosocial intervention to swiftly treat fear of hypoglycemia as its own problem. A preponderance of
research points to the need for better medical and psychological support for people with diabetes at risk of
hypoglycemia (i.e. those on insulin and/or SUs). Not only is severe hypoglycemia associated with increased
fear, higher diabetes distress, and lower emotional wellbeing, but it can also be driven by depressive
symptoms - that is, other emotional issues do interact with and can even give rise to fear of hypo, negatively
impacting quality of life. Dr. Gonder-Frederick explained that both history of hypoglycemia and a
predisposition to anxiety ("trait anxiety") are predictive of fear of hypoglycemia, and any type of history of
hypoglycemia ("severe" or otherwise) can exacerbate fear. At perhaps its most severe, FoH and a perceived
threat of death have been associated with posttraumatic stress disorder. Moreover, FoH affects relationships
with family members and significant others, who also experience FoH; a history of severe hypoglycemia is
associated with greater conflict, fear, and sleep disturbance, resulting in interpersonal strain. Notably, though,
Dr. Gonder-Frederick pointed to one study indicating that FoH is predictive of quality of life but not
hypoglycemia history, indicating that FoH doesn't simply result from experiences with hypoglycemia.
Interestingly, she cast doubt on the commonly accepted notion that FoH makes people keep their blood
glucose higher: While some do this (and some to an extreme), many don't, reflecting the complicated
relationship between risk and experience with hypoglycemia and FoH. She also clarified that reducing
hypoglycemia reduces FoH in most patients, but not all, arguing that there is a role for better therapies with
lower hypoglycemia risk (better insulin, new technology) in truly improving patient quality of life. To this end,
we're glad to have noticed increased utilization of quality-of-life measures in clinical trials, including both
time-in-range measurement through CGM and patient-report measures, though more work certainly needs to
be done to get regulators and insurers to accept the value of these endpoints. All of this said, some patients'
fear has nothing to do with their actual risk and experience of hypoglycemia; addressing this issue, Dr.
Gonder-Frederick also highlighted the role of cognitive behavioral therapy in improving patient attitudes
toward and perceptions of disease, pointing to ADA's new directory of mental health professionals with
expertise in diabetes.
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Symposium: Joint ADA/AACC Symposium―Refining Measurement of
A1C―Do We Know What It Means?

Assessment of A1C in Patients with Hemoglobin Disorders

David Sacks, MB (National Institutes of Health, Bethesda, MD)

Dr. David Sacks gave an informative talk detailing how various hemoglobin (Hb) variants can affect A1c
measurements, and recommended that HCPs remain wary of outlier A1c measurements (<4% or >15%). Dr.
Sacks explained that there are 1,318 identified hemoglobin variants, and that 915 of these (66%) involve the
beta chain of hemoglobin where glucose binds to (and thus affect A1c measurements). These variants can alter
A1c either by introducing analytic interference by actually disrupting glucose binding. As a general rule, Sacks
explained that A1c levels can be measured accurately in heterozygous Hb variants; however, A1c
measurements cannot be depended on for individuals homozygous with the specific HbS (sickle cell), HbC
(hemoglobin C disease), or HbSC (sickle cell-hemoglobin C) variants. For most other variants, although A1c
measurements may be slightly impacted, these changes are not often clinically significant.
Hemoglobinopathies and hemoglobin variations are two factors that contribute to the striking finding of an
ADA oral presentation, that ~348 of 1,039 patients (34%) had "discordant" average glucoses. ("Discordant,"
in that case, meant that a patients' CGM/SMBG-derived average glucoses differed from the average glucose
derived from their lab A1cs (using the ADAG study as a reference) by at least 15%.) The message adds
credence to the growing emphasis on moving past A1c as the barometer of diabetes care and therapeutic
efficacy. Although useful in many senses, A1c paints a limited picture of diabetes management and the field's
conception of its analytical limitations (A1c discordance) continues to grow. We hope that research like Dr.
Sacks' pushes the field and HCPs toward emphasizing glucose-centric metrics such as time-in-range alongside
A1c.

Should A1C Targets Differ among Ethnic Groups?

Robert Cohen MD (University of Cincinnati College of Medicine, Cincinnati, OH)

Dr. Robert Cohen argued that differences in A1c attributable to various racial groups are real but not
dramatically significant when compared to other, larger sources of A1c variability such as red blood cell
survival time and difference in glycation rate of hemoglobin. Dr. Cohen succinctly summarized his main point
by saying that considering "ethnic groups is an important question but scientifically not the first question"
when evaluating variability in A1c measurements. This position aligns with the conclusion of Drs. Rich
Bergenstal and Roy Beck on the matter: Differences within races are greater than those between races. Dr.
Cohen stressed the importance of further studying the relationship between A1c and mean blood glucose
levels, proposing looking at mean red blood cell age as a promising candidate in terms of a variable that has a
larger effect on determining A1c levels - he hypothesizes that this determinant contributes to much of the
variability seen in the relationship between MBG and A1c levels and should be used on the individual level to
more accurately determine glycemic state.

Symposium: Clinical Centers and Programs Session

Multidisciplinary Team's Approach to Reduce Inpatient Insulin-Related
Hypoglycemia

Celeste Thomas, MD (University of Chicago, IL)

Dr. Celeste Thomas' team at U Chicago Medicine has successfully halved inpatient hypoglycemia. In this
inspiring ADA talk, Dr. Thomas outlined the core requirements for a hospital-wide change in diabetes care:
strong institutional support, a multidisciplinary team, and identification of best practices and current gaps.
Her team improved insulin administration at mealtime after realizing that many boluses were suboptimal,
being given at non-standardized times: Under the new system, a blood sugar measurement is required within
30 minutes prior to administering a prandial insulin dose. Dr. Thomas also described how hypoglycemia
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warning signs were posted outside patient doors so that all staff were more aware and more knowledgeable.
Other interventions at the U Chicago hospital included increasing glucose targets, decreasing prandial insulin
quantities, building automated glucose monitoring order reminders whenever a physician prescribes insulin,
and employing automated pharmacy warnings for high basal insulin doses. Results have been extraordinary -
from May to June (the month of implementation), hypoglycemic events were more than halved, from 85
events in May to only 40 in June. Dr. Thomas stressed the importance of having broad support for an
initiative like this, from across disciplines; stakeholders involved in these changes included the Office of
Clinical Effectiveness, nursing leadership, diabetes clinical nurse educators, food services, pharmacy, and U
Chicago's IT system. The efficacy of these interventions should serve as a call-to-action for all medical
systems: We need to make sure we are thoughtful in applying best practices to improve existing diabetes care,
and reducing hypoglycemia should be a key goal in diabetes care. Advanced therapies that come with lower
hypoglycemia risk are fantastic - trust us, we love them more than anyone! - as are new devices that can
improve time-in-range and other glycemic outcomes beyond A1c. But it's also incredible that a 50% reduction
in hypoglycemia can be realized with improved system-level management.

Questions and Answers

Q: You've increased your glucose targets and you've decreased your insulin, so I'm wondering
what happened to overall blood glucose levels? Did they rise?

A: We're not actually seeing a rise in hyperglycemia, likely because we're checking the blood glucose at the
right time. Before we frequently checked the glucose either too early or too late - we'd check glucose while the
patient was eating meal - but now we're doing it at the standardized time.

Q: My question is what type of pushback have you received as you've made some of these
changes. I'm particularly interested in the correction scale. Some say to increase the starting
point of the glucose scale like you said, but some groups - especially surgical - want levels at
120 mg/dl at most.

A: We do have a separate order set for our CT surgeons. I worked with our surgeons to adjust glucose goals in
the post-surgical setting, and we did not adjust that. We also did not adjust that with our pregnant patients.
You definitely need to think about who is going to push back and accommodate that.

Joint ADA/EASD Symposium: Central Control of Glucose Homeostasis

Central Glucose Sensing in the Defense Against Hypoglycemia

Bernard Thorens, PhD (University of Lausanne, Switzerland)

Dr. Bernard Thorens discussed specific brain neurons expressing GLUT2 and highlighted emerging evidence
for their role in metabolic homeostasis and glucose sensing. Inter-organ communication is the crux of
metabolic regulation, and the brain has an essential part to play. Dr. Thorens reviewed mouse studies to show
that inactivation of GLUT2 reduces beta cell mass, suppresses first-phase insulin secretion, and impairs
glucose sensing in a manner characteristic of prediabetes. His research team conducted a series of
experiments to probe for relationships between GLUT2 expression, sucrose-seeking behavior, and glucagon
secretion. The first study compared sucrose feeding in control mice vs. GLUT2 knockouts. Mice were
rewarded with a 10% sucrose solution over 30 minutes, and number of ingestions was significantly higher in
the GLUT2 knockout mice compared to control mice (120 vs. 90). In the next study, Dr. Thorens
optogenetically activated GLUT2 neurons from the paraventricular thalamus (PVT). He explained that these
neurons are typically upregulated during hypoglycemia, and experimental neural activation expectedly
increased sucrose-seeking behavior, although the same behavior was not displayed for artificial sweetener or
fructose. Last, Dr. Thorens described the counter-regulatory mechanism of GLUT2 neurons in the nucleus of
the solitary tract of the brainstem (NTS); there, GLUT2 neurons stimulate glucagon secretion during an
episode of hypoglycemia. Optogenetic activation and genetic screening for regulators of glucagon secretion
identified specific neurons within the NTS that increase parasympathetic activity.
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Oral Presentations: Hypoglycemia - Reducing the Risk

Metaclopramide Restores the Sympathoadrenal Response to Hypoglycemia in a
Novel Model of HAAF

Adriana Vieira de Abreu, PhD (University of Utah, Salt Lake City, UT)

Salt Lake City's Dr. Adriana Vieira de Abreu showed that treatment with metoclopramide, a dopamine
antagonist, lowered hypoglycemia unawareness while restoring levels of epinephrine and glucagon in an
experimental rodent model. She opened this presentation by describing hypoglycemia-associated autonomic
failure (HAAF), a condition characterized by decreased awareness of hypoglycemic events (i.e. lack of
hunger). Dr. Abreu reviewed a prior experiment that induced HAAF in mice by injections of 2-deoxyglucose
(2DG); recurrent doses of 2DG led to hypoglycemia unawareness, as measured by blood glucose and food
intake. She then shifted focus to the present study: Rats underwent three days of treatment with either (i)
saline placebo, (ii) 2DG injections, or (iii) metoclopramide pre-treatment and then 2DG injections. On the
fourth day, the investigators conducted hyperglycemic and hypoglycemic clamps on all subjects.
Metoclopramide pre-treatment partially but significantly restored hypoglycemia awareness compared to 2DG,
as measured by food intake. Dr. Abreu concluded that this dopamine antagonist can help restore physiological
responses to hypoglycemia (hunger, eating), which are absent when the patient is unaware. Additionally, she
noted that metoclopramide restored the rats' glucagon and epinephrine responses vs. those in the 2DG only
group. This study unveils an interesting role for the dopaminergic system in HAAF, and it raises the
possibility of preventing/treating hypoglycemia unawareness with an existing drug - metoclopramide is
approved to treat gastroesophageal reflux disease, and it's also under investigation for diabetic gastroparesis.
There's no guarantee that this data from rodents will translate to humans, and this research is too early-stage
to get us really excited, but the fact that metoclopramide is already FDA-approved could aid future
development plans toward a new, hypoglycemia-related indication.

Obesity, Prediabetes, and Remission

Oral Presentations: DiRECT Links between Hepatic Metabolism, Glucagon
Action, and Glucose Turnover

Pathophysiology of Remission in Type 2 Diabetes - The Diabetes Remission
Clinical Trial (DiRECT)

Roy Taylor, MD (Newcastle University, UK)

Presenting new data from DiRECT, Newcastle's Prof. Roy Taylor showed how success of the intervention
(whether or not a patient enters type 2 diabetes remission) depended on recovery of beta cell function. The
only significant difference between responders (n=40) and non-responders (n=18) in DiRECT was diabetes
duration (mean 2.7 years vs. 3.8 years, p<0.05 for comparison). Prof. Taylor previously hinted at IDF that
duration of diabetes predicted responders vs. non-responders, so we were glad to get our eyes on this data.
That said, Prof. Taylor underscored that those with longstanding diabetes can still achieve remission with
substantial weight loss. Pathophysiologically, responders and non-responders saw many of the same effects
from dramatic weight loss: At five months, both groups had below-normal liver fat (the non-responder group
drifted slightly above normal at one year, while the responder group did not) and saw similar decreases in
pancreatic fat as well. Weight change itself was not significantly different between the groups, though the non-
responders did see a slightly greater (though not significantly) regain over the first year. Prof. Taylor takes
this as an indication that in both groups, intra-organ fat was reduced and lipid metabolism was normalized -
so what was the difference? At both five and 12 months, responders saw a highly significant increase over
non-responders in first phase insulin response, and by 12 months, they also had superior maximal insulin
secretion. Dr. Taylor explained that there is something inherently different about the ability of the beta cell to
recover function between the groups. This was reflected in the study's A1c results: Responders saw a rapid and
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significant drop in A1c sustained from five to 12 months, but A1c of non-responders was essentially constant
from day one to day 365. Prof. Taylor concluded that reduction of liver and pancreas fat is necessary but not
sufficient for remission of type 2 diabetes, and that remission is possible in the majority of people with a
disease duration less than six years, dependent on the residual ability of the beta cell.

▪ DiRECT suggests that there's a certain window in which type 2 diabetes can much
more easily be sent into remission. While Prof. Taylor and his team of researchers will
continue to look for biomarkers that might better predict whether someone will respond to the
intensive weight loss intervention, we take these results as a clear sign that earlier, more aggressive
intervention in cardiometabolic disease is an important key to better diabetes outcomes and, now,
even remission. We note that there were smaller, non-significant baseline differences between
responders and non-responders as well, most notably on A1c (7.4% vs. 7.9%) and fasting glucose
(150 mg/dl vs. 168 mg/dl). These pathophysiological studies were not conducted on the whole
sample, but rather on those who lived close enough to the imaging center in Newcastle (which may
have introduced experimental bias). Responders were defined as those who achieved an A1c and
fasting plasma glucose below the threshold for a diabetes diagnosis.

▪ As a reminder, the DiRECT trial (n=298) - first presented at IDF 2017 - evaluated an
intensive weight loss intervention (~800 calories/day for three-five months with
stepped food reintroduction and structured long-term weight maintenance support)
for type 2 diabetes reversal. Severe caloric restriction led to a mean weight loss of ~30 lbs.
While 24% of participants on the intervention achieved the target ≥15 kg (~33 lbs) weight loss, 46%
of this group (68 individuals) achieved diabetes remission, vs. only 4% in the placebo group (six
individuals). Among people who reached the ≥15 kg weight loss goal, 86% achieved remission. We
await longer-term (two- and three-year) results, but this trial has certainly made waves in the
diabetes community already. Perhaps most notably, it was implemented by primary care nurses and
dieticians through the UK's NHS, after they received only a day's worth of training, which is hugely
promising for the economic and logistical scalability of this intervention.

Oral Presentations: Nutrition 2018 - New Data, New Perspectives

Baseline Predictors and Influence of Early Weight Loss during an Intensive
Weight Management Programme on Remission of Type 2 Diabetes after 12
Months - Post-Hoc Analysis of the Diabetes Remission Clinical Trial (DiRECT)

Michael Lean, MD (University of Glasgow, UK)

Dr. Mike Lean presented a post-hoc of DiRECT demonstrating that the baseline factors that predict ≥15 kg
weight loss (~33 lbs) are different from the factors that predict diabetes remission. He also argued against the
implementation of a stopping rule based on early weight loss results. There's no doubt that DiRECT results
(first presented at IDF 2017) were impressive - 50% of people in the intervention group saw type 2 diabetes
remission, and among participants losing ≥15 kg, a striking 86% entered remission. Predicting responders
would certainly aid in the application of this intervention, although data so far suggest somewhat limited
ability to do so. According to Dr. Lean, weight loss of ≥15 kg was significantly predicted by male gender (33%
of men vs. 14% of women in the intervention arm achieved this), shorter duration of diabetes (odds ratio 31%
greater for each year fewer of diabetes), higher baseline body weight (8% of those <90 kg vs. 40% of those
≥110 kg), and higher starting BMI (9% of those <30 kg/m vs. 31% of those ≥40 kg/m ). He noted that the22

gender, weight, and BMI associations are likely at least part a function of starting at a higher body weight.
Meanwhile, diabetes remission was significantly predicted by lower A1c (odds ratio 28% lower for each 1%
increase in A1c), older age (17% of those <50 years old vs. 61% of those 60-65 years old), and fewer
background diabetes medications (odds ratio fell 0.43 per additional drug). Dr. Lean highlighted SUs as
particularly deleterious - we imagine the secretion effect makes it harder for beta cells to recover, though this
is speculation. We were also struck by the older age/more remission relationship, since presumably older
individuals have longer duration of diabetes, and we'd love to learn what if anything mediates this. Dr. Lean
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issued a warning about diabetes medications, asserting that it's unclear whether the association exists because
people on many medications are doing worse overall or because medication use actually makes remission
more challenging. Being on more antihypertensive drugs was actually associated with a greater chance of
remission (odds ratio increased 1.37 per drug); high blood pressure made remission more likely, a
phenomenon that Dr. Lean admitted is hard to explain. Interestingly, antidepressant use was borderline
significant for a decreased chance of achieving weight loss and type 2 diabetes remission (p=0.085 and
p=0.064, respectively). Distress and depression are not uncommon in the diabetes patient population and
they often preclude optimal outcomes, so we can see how this additional stress could have made it more
difficult for people to lose weight and enter remission.

▪ These data evoked the DiRECT post-hoc analysis that Prof. Roy Taylor presented on
Friday, linking the ability of the beta cell to recover to diabetes remission. DiRECT
results are increasingly characterizing a group of patients likely to benefit from significant weight
loss and achieve normoglycemia: Generally, they are older, have had diabetes for less time, and have
lower A1c - an overall less severe phenotype, which further supports the importance of early
intervention. Early weight loss was associated with better long-term results in DiRECT, and lower
early weight loss more often lead to early withdrawal. As Dr. Lean explained, applying early stopping
rules would remove those who are going to stop anyway, but it would also keep those who fail to lose
significant weight early on from benefitting in the long run.

▪ Dr. Lean concluded his talk with an ethical imperative: Patients should be offered
optimal and effective non-surgical weight loss before receiving additional treatment
for type 2 diabetes. Questions - and no small questions at that - remain as to how to scale this
intervention and how to maximize durability of effect (to this end, we'll be keen to see longer term
data). Researchers will finish collecting two-year data in about six weeks and plan to continue for at
least four years. We're also looking forward to promised economic analyses.

Oral Presentations: The Impact of Diabetes Interventions and Behaviors on
Outcomes

Lifestyle Interventions Lower CV Disease in Chinese Adults with IGT - 30-Year
Follow-Up of Da Qing Diabetes Prevention Study

Qiuhong Gong, MD (Fuwai Hospital, Beijing, China)

Dr. Qiuhong Gong presented highly-anticipated 30-year follow-up data from the Da Qing Diabetes Prevention
Study (DQDPS): Lifestyle intervention reduced risk of CV disease in Chinese adults with impaired glucose
tolerance (IGT). DQDPS (n=576) was a six-year clinical trial conducted in Da Qing, China from 1986-1992.
People with IGT were randomized to either: (i) control (n=138); or (ii) one of three lifestyle intervention
groups (n=438) including diet, exercise, or both. Participants were then followed to assess their first CV
events (MI, congestive heart failure, stroke, and amputation) until December 31, 2016. Dr. Gong reported an
impressive 30-year follow-up rate of 94.1% (n=542) of the original participants. Cumulative incidence of CV
disease was 51.8% (95% CI: 47.1%-56.5%) in the intervention group vs. 65.7% (95% CI: 57.8%-73.6%) in the
control group (p=0.006). CV disease incidence per 1,000 person-years was 21.8 (95% CI: 18.8-25.1) in the
intervention group vs. 29 (95% CI: 23.0-36.2) in the control group. Interestingly, men experienced slightly
less relative risk reduction with a hazard ratio of 0.79 (p=0.11), while women had a significant hazard ratio of
0.69 (p=0.03) - we're curious as to what hormonal or other biological factors could be contributing to this
significant difference. Dr. Gong shared that the CV mortality rates were 25.6% vs. 35.2% (p=0.02), again
favoring the lifestyle intervention. The cumulative incidence of diabetes was 88.7% in the intervention group
vs. 95.9% in the control group (p=0.002). Time-wise, participants in the intervention group also experienced
their first CV event 4.82 years (p=0.01) later than those in the control group. The number with IGT needed to
treat for six years to prevent one CV event was 9.0 persons (p=0.008). Dr. Gong also noted that since these
CV benefits were only seen many years after the end of the active intervention period, the legacy effect may be
at play. Ultimately, we are impressed by the strength and long-term nature of these results and note that these
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speak to the importance of developing scalable lifestyle interventions for at-risk patients. It's great to see long-
term evidence that lifestyle intervention lowers type 2 diabetes incidence as well as CV morbidity/mortality,
since there's increasing discussion in the diabetes field that prediabetes itself elevates an individual's CV risk.

Oral Presentations: Enhancing the Use of Diabetes Prevention and
Cardiovascular Risk Factor Control

Cost-Effectiveness of Structured Lifestyle Programs for Diabetes Prevention in
the Medicaid Population

Michael Laxy, PhD (CDC, Atlanta, GA)

Dr. Michael Laxy discussed a computational study suggesting that extending DPP coverage to Medicaid could
pay off. Under the most conservative estimates, Dr. Laxy reported that Medicaid DPP reimbursement would
be of good value to the healthcare system as a whole and to Medicaid in particular 25 years down the road.
Population characteristics (CMS and NHANES), quality of life measurements (MEPS), CV event incidence
(ARIC and CARDIA), and cost data (CMS) for eight states (AL, CA, CT, FL, IA, IL, NY, and OK) were collected
and fed into the CDC-RTI Diabetes Cost-Effectiveness Model. To be eligible for the simulation, patients had to
a have a BMI >25 kg/m and an A1c >5.7% or fasting plasma glucose >110 mg/dl; all were Medicaid2

beneficiaries. Diabetes incidence was estimated at 3% for those age 18-44, 6% for those age 45-64, and 5% for
those older than 64. With the DPP, it was estimated that diabetes incidence would decline 24% in year 1, 12%
in years 2-10, and 6% after year 10. The cost of the DPP to the patient was estimated at $600, while the
annual cost of diabetes treatment falls somewhere between $1,000-$3,500. The model output that ~4.3
million Medicaid beneficiaries could yield cost-savings from the DPP, given that 66% of Medicaid patients
with prediabetes are below the age of 45. Cost-effectiveness ratios (ICERs) for the intervention were
forecasted 5, 10, and 25 years into the future from a healthcare system perspective. While no simulation was
cost-effective at five years (<$50,000/QALY), nearly all were cost-effective after 10 years. And after 25 years,
all simulations were significantly cost-effective, even those made under the most conservative of estimates.
From a state Medicaid perspective, the ROI was slightly lower due to additional constraints: For example,
most beneficiaries lose coverage once they reach age 65 and often go in and out of eligibility while under
Medicaid. However, even if beneficiaries who are insured only 50% of the time until they reach age 65 are
covered for the DPP, Dr. Laxy showed that the undiscounted accumulated costs of the intervention would be
zero after just over 20 years. Assuming a 20% DPP participation rate over 25 years, Dr. Laxy estimated that
the upfront cost of DPP-like lifestyle interventions for the Medicaid population is rather high - ~$1.1 billion
for the eight states in the model and ~$2.6 billion for all 50 states - but affirmed that it is cost-effective in the
long-term, with ~$650 million in savings for the total healthcare system and ~$140 million in savings for
Medicaid. Dr. Laxy's talk reminded us of the persistent challenge with investing in prevention - the payoff
shows up over the long-term, and unfortunately, politicians and policymakers are primed to think short-term.
Nonetheless, we're encouraged by these findings (even though they were only computational), and we hope
they resonate with some policymakers as we push for a forward-thinking approach to prediabetes care.

Oral Presentations: Adipose Browning and Energy Expenditure (With
State-of-the-Art Lecture)

State-of-the-Art Lecture: Identification and Function of Brown Adipose Tissue in
Humans

Aaron Cypess, MD (NIH, Bethesda, MD)

In an engaging oral presentation, NIH's Dr. Aaron Cypess broke down the differences between white adipose
tissue (WAT) and brown adipose tissue (BAT). He explained that the former is primarily used for energy
storage and holds much more energy, while the latter is used for energy expenditure and thus holds less
energy. Dr. Cypess provided a detailed physiological description of BAT. Brown adipose tissue consumes fuel
to generate heat and protect the body against cold temperatures. It's an intriguing target for obesity drugs,
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because therapies that stimulate more energy expenditure than energy input would be effective in promoting
weight loss. In Dr. Cypess' view, BAT can be considered an endocrine organ, as it releases signals to the liver
to decrease lipogenesis, hepatic steatosis, and insulin sensitivity. BAT even releases signals for muscles to take
up lipids upon exercise. BAT is found only in specific regions of the body and is visualized using non-invasive
PET/CT scans; it tends to be more common in females, younger and leaner individuals, and those not taking
beta-blockers. Along with cold temperatures, pharmacological stimulation using mirabegron increases BAT
mass, adipogenesis, and energy expenditure, according to data that Dr. Cypess reviewed. Although a decent
amount of BAT research has been conducted using mouse models in cold conditions, humans are warm-
acclimated and may have BAT that is fundamentally different from mouse BAT. Additionally, there are no
good human atlases of fat in the field of anatomy, which focuses mostly on muscles, organs, and the skeleton.
There are certainly obstacles to human BAT research, but Dr. Cypess argued that this is critical and said he
hopes to see many further investigations. Further research on this tissue is important due to its roles in energy
balance, fuel metabolism, and hormonal regulation.

Oral Presentations: Effects of Exercise on Metabolic Health in Type 1 and
Type 2 Diabetes (With ADA Presidents' Select Abstract)

ADA Presidents' Select Abstract: Maternal and Paternal Exercise Regulates
Offspring Metabolic Health and Beta Cell Phenotype

Ana Wagner, PhD (Joslin Diabetes Center, Boston, MA)

Dr. Ana Wagner presented results demonstrating that maternal and paternal exercise in mice fed a high-fat
diet led to improved metabolic health and beta cell phenotype in male offspring. While maternal exercise
before and during pregnancy has been shown to improve offspring metabolic health, this study looked at the
effects of paternal and combined parental exercise on the metabolic phenotype of sires, dams, and offspring,
as well as the offspring pancreas. Offspring from four cohorts (n=5-8 litters/group) of parents were studied:
(i) both parents sedentary; (ii) maternal exercise; (iii) paternal exercise; and (iv) both parents with exercise.
Male sires were housed with or without running wheels for three weeks prior to breeding, and dams were
housed with or without running wheels for two weeks before breeding and during gestation. Offspring were
sedentary and were fed a chow diet. At 52 weeks, offspring fasting blood glucose was ~25% lower if at least
one parent exercised vs. offspring with two sedentary parents (all p<0.01), and glucose tolerance improved
with maternal exercise, paternal exercise, and combined parental exercise vs. lack of exercise (p<0.001). In
addition, offspring with at least one parent who had exercised had decreased beta cell size and mass, while
those born to parents who had both exercised had decreased islet size and density as well. Dr. Wagner
suggested that this may be due to improved insulin sensitivity, decreasing the requirement for insulin.

Symposium: The Restoring Insulin Secretion (RISE) Study in Youth and
Adults

Baseline Data and Results of the Pediatric Medication Study

David Ehrmann, MD (University of Chicago, IL); Kristen Nadeau, MD (University of Colorado,
Aurora, CO); Silva Arslanian, MD (Children's Hospital of Pittsburg, PA); Philip Zeitler, MD
(University of Colorado, Aurora, CO); John Buse, MD (University of North Carolina, Chapel
Hill, NC)

The NIH-sponsored RISE study sent a stark message to the diabetes community today: We know so little
about the pathophysiology of type 2 diabetes in youth, except that it differs meaningfully from disease
development in adults, and no drugs are able to effectively address the natural history. Participants in RISE
Peds (n=91) were children age 10-19 with impaired glucose tolerance (prediabetes) or recently-diagnosed type
2 diabetes. Notably, the baseline body weight in this cohort was equivalent to that in RISE Adult (ongoing and
expected to complete June 2019) at ~220 lbs; that put the mean BMI of these children and adolescents at 37
k/m . Participants were randomized to one of two therapy regimens: (i) metformin for 12 months or (ii) three2
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months of insulin glargine followed by nine months of metformin. The two co-primary endpoints, collected
via hyperglycemic clamp, were steady-state C-peptide and ACPRmax (arginine at maximal glycemic
potentiation), both measures of beta cell function, neither improved in either treatment arm. University of
Colorado's Dr. Kristen Nadeau reviewed primary outcome results, and most of her slides showed continued
decline in steady-state C-peptide or ACPRmax with both metformin and glargine + metformin. RISE Peds
additionally included a three-month follow-up after treatment was washed out from both groups, and data
showed continued worsening of steady-state C-peptide and ACPRmax. Dr. Philip Zeitler (Children's Hospital
Colorado) discussed secondary endpoint results from the study, pointing to a small but statistically significant
decrease in BMI with metformin therapy at three months (from 37 kg/m to 36 kg/m , p<0.05); metformin22

was also superior to insulin glargine on this endpoint, since BMI rose with basal (p<0.05). A1c declined from
a baseline 5.7% to 5.6% with insulin glargine after three months (p<0.05), and also dropped significantly with
both medication regimens at six months (p<0.05 vs. baseline). Despite the negative results from this study
overall, UNC's Dr. John Buse positioned it as a positive that the impact on BMI and A1c was as we'd expect
with metformin and with insulin glargine.

▪ Dr. Buse provided independent commentary to close out this symposium, and he
stressed the sad reality that we don't know of pharmacotherapy to address the
underlying pathophysiology of type 2 diabetes in youth. HCPs can prescribe metformin to
stimulate modest weight loss, and they can prescribe basal insulin to lower A1c, but neither will
preserve beta cell function or reverse the trajectory of disease, "and that's the terrifying part," he
said. In contrast, there is evidence from the DPPOS, SCALE, and other largescale trials that
metformin, acarbose, liraglutide, and insulin have beneficial effects on the beta cell and on the
trajectory of dysglycemia in adults. Dr. Buse's biggest takeaway from RISE Peds was the need to
address obesity in youth as a public health crisis. He argued that we should demand marketing
restraint from the food industry, suggested we explore more aggressive public health policy, and
highlighted that research should continue evaluating therapeutic and surgical approaches to obesity,
type 2 diabetes, and prediabetes in youth. We too took this as the most important learning from
RISE Peds, and we'd particularly like to see more investment in the built environment (it should be
conducive to physical activity) and in access to healthy food. In terms of research, we hope to see
more rigorous investigation to identify public health strategies that work, reducing the societal
burden of childhood obesity. For now, we imagine the greatest ROI may come if we approach
population-level obesity in youth as a public health problem rather than a medical challenge.

▪ Dr. Nadeau also presented a sub-analysis looking at the RISE Peds participants who
had impaired glucose tolerance but not type 2 (n=54). Results were similar to the overall
study population, with no significant improvement in steady-state C-peptide or ACPRmax with
metformin or insulin glargine + metformin. Again, beta cell function actually appeared to worsen in
the 12 months of treatment and again after washout.

▪ Dr. Silva Arslanian compared baseline data from RISE Peds and RISE Adult (n=255).
Even before results were presented, she established the clear differences between type 2 diabetes
pathophysiology by age. When a child/adolescent with type 2 undergoes hyperglycemic clamp, she
typically higher C-peptide throughout (starting with fasting concentration) compared to an adult
with type 2. Dr. Arslanian explained that youth show ~50% less insulin sensitivity compared to
adults with this disease; for whatever reason, beta cell function declines more rapidly after onset of
dysglycemia in youth. During independent commentary, Dr. Buse noted that more insight on these
pathophysiological differences will come when Rise Adult reads out during the latter half of 2019.

▪ At the end of the symposium, these data were published online in Diabetes Care, as
was a commentary paper by Drs. Buse, David D'Alessio, and Matthew Riddle. We
suspect we'll be hearing lots of thought leader commentary on these publications at future
conferences, and we look very forward to learning more. Lastly, we want to echo Dr. Buse in
congratulating the RISE investigators for pulling off this remarkable study.
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Symposium: The National Diabetes Prevention Program- From Research to
Practice to National Policy

Status of the National Diabetes Prevention Program - From Access to Uptake

Ann Albright, PhD (CDC, Atlanta, GA)

CDC's Dr. Ann Albright provided a status update on the National Diabetes Prevention Program (NDPP),
seeming upbeat about progress to-date and expressing enthusiasm for what lies ahead. Supply of the NDPP
has grown steadily, and as of this month, CDC recognizes nearly 1,800 programs (1,786, to be exact). Demand
has grown as well, with nearly 220,000 individuals enrolled in the NDPP as of this month (219,156). The
number enrolled has climbed 37% from January 2018 (160,378) and has more than doubled from last
summer (106,219). As for reimbursement, Dr. Albright explained that >3.4 million US adults (in 18 different
states) have access to the DPP through their employer. We like this momentum, but we'd love to see a steeper
incline - the NDPP is still only reaching ~0.3% of the 84 million Americans with prediabetes, based on these
latest figures. Dr. Albright has the same ambition, and she announced that CDC will open an NDPP
Operations Center within its diabetes division, much like there's an operations center for emergency
outbreaks. While it's too early to tell exactly what this NDPP Operations Center will accomplish (in Dr.
Albright's words, "we are in initial phases of development"), we see this as a signal of CDC's commitment to
addressing the public health crises of prediabetes and diabetes. Furthermore, she mentioned that launch is
imminent for an NDPP Customer Service Center, created because public interest in these programs is
becoming overwhelming (another positive sign!). While it's hard to be optimistic when 84 million people in
the US have prediabetes, 88% of them unaware, and it's been this way for ages, we appreciated Dr. Albright's
motivating words. She urged providers in the audience to get engaged and get their patients engaged. One of
CDC's goals is to increase referrals to the DPP for people with prediabetes, and Dr. Albright added that HCPs
should have their patients watch the CDC/Ad Council prediabetes awareness campaign. She also directed
everyone to the NDPP website, Facebook page, and Twitter. To date, CDC has invested hugely in social media,
like FDA or CMS or other government agencies have - CDC's got a million followers on Twitter (though under
8,000 followers on @CDCdiabetes) whereas FDA has 200,000 followers and CMS has just under 150,000.

Where Are We with Medicaid Coverage?

Patricia Shea (CDC, Atlanta, GA)

Ms. Patricia Shea discussed the efforts of the CDC's Division of Diabetes Translation (DDT) to expand
coverage for the National Diabetes Prevention Program (NDPP). The DDT's overarching goal, she explained,
is to have the NDPP covered by all payers as a means to promote health equity and reduce diabetes health-
related disparities in the US. While the CDC has been involved in multiple initiatives aimed at increasing
access, Ms. Shea spent the majority of her talk focusing on the National DPP Medicaid Demonstration Project.
This three-year project, which is set to complete in October of this year, aims to demonstrate that Medicaid
coverage of the NDPP would be sustainable through development and implementation models in Maryland
and Oregon. According to Ms. Shea, the decision on which states would serve as models was extremely
competitive. Maryland and Oregon were chosen based on quantitative analysis of the capacities and
propensities for the program in Medicaid expansion states, followed by qualitative interviews determining
each state's fit for the program. Oregon and Maryland created independent delivery and sustainability models
which will be evaluated this Fall based on beneficiary surveys (both pre- and post-program completion/
discontinuation), cost analysis, enrollment, engagement/retention, and participant outcomes. Given the
promising results that the NDPP has demonstrated in the past, we are eager to see the final evaluation report
in October, 2018, which we hope will serve as strong evidence for other states to commit to Medicaid NDPP
coverage as a long-term investment.

▪ Notably, the Medicaid Demonstration Project includes both in-person and virtual DPP
programs. While many may be skeptical about virtual DPP access in the Medicaid population (due
to less access to technology in general), Ms. Shea mentioned that there was actually a higher rate of
enrollment in virtual programs than in-person programs. Indeed, we note that virtual DPPs are
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much more convenient for people (increasing the chances of excellent retention), and they're more
scalable than in-person programs - from this vantage point, virtual platforms might be particularly
advantageous for Medicaid beneficiaries. Fifty virtual DPPs already boast CDC recognition, and we
are encouraged by the CDC's continuous acknowledgement of their efficacy. CMS does not currently
reimburse these programs (which we find hugely disappointing), but we are hopeful that this may
change in the near- to mid-term future as more evidence accumulates in support of virtual DPP
platforms.

▪ The CDC DDT has a strong record of improving NDPP Medicaid coverage. As a result of
the DDT's efforts, nine states (CA, MN, MT, NJ, VT, AR, MD, OR, and PA) currently have full or
partial Medicaid coverage for the Diabetes Prevention Program, another eight have participated in
the Medicaid Demonstration Project Virtual Learning Collaborative, and seven have participated in
the CDC 6/18 Medicaid Initiative. The CDC has already pledged funding to provide technical
assistance and support for these 24 states to continue their work expanding Medicaid coverage of
the NDPP through 2023.

▪ Ms. Shea also elaborated on the CDC's recent commitments to scaling the NDPP in
underserved areas through a 1705 Cooperative Agreement. Through the program, national
and regional organizations with experience offering the NDPP or another evidence-based behavior
change program to underserved populations were eligible for CDC funding to expand their efforts to
include at least 1,000 participants in underserved areas in the first year.

Symposium: Steering the Right Course for Diabetes Management - Clinical
Perspectives

What's Next After Metformin is the Wrong Question - Type 2 Diabetes Remission
as a New Treatment Paradigm

Hertzel Gerstein, MD (McMaster University, Hamilton, Canada)

Dr. Hertzel Gerstein urged diabetes providers to "think like cancer docs" and to make remission the no. 1 goal
of type 2 diabetes treatment. He pointed to evidence from metabolic surgery to suggest that diabetes
remission is indeed possible, and he challenged, "if the surgeons can do it, surely we can put people into
diabetes remission without surgery." Dr. Gerstein highlighted the high morbidity, mortality, and treatment
burden of diabetes: Patients with diabetes at 60 years-old have an annual mortality rate of 1.2% and contend
with lifelong treatment challenges and stigma. Unfortunately, the treat-to-failure approach still dominates in
diabetes care; patients begin with lifestyle modification and gradually intensify therapy as their A1c rises. Dr.
Gerstein highlighted the folly of this approach, suggesting that this is not the approach we take for other
serious diseases. As a comparison, he noted that breast cancer has a lower per-year mortality rate than
diabetes at 0.6%, but nobody recommends starting with lifestyle therapy only after a breast cancer diagnosis.
As he put it, "if someone has cancer, we do everything we can to make it go away and keep it away and if it
comes back we do everything we can to make it go away again." Dr. Gerstein advocated for a similar approach
to diabetes, with an "induction" phase to intensely normalize the metabolic state and induce remission and
then a "maintenance" phase with regular monitoring but little to no therapy. The initial induction phase
features a combination of intensive lifestyle therapy and short-term, time-limited use of diabetes drugs and
therapies that may promote beta cell health and insulin action. He termed the intensive early treatment phase
"metabolic rehabilitation," likening the concept to cardiac rehabilitation after heart attacks. He also suggested
that patients might be more likely to adhere to a relatively short-term metabolic rehabilitation plan than a
lifelong diabetes treatment or prevention regimen, given the "promise" of staying off drugs if successful and
relatively lower costs of short-term drug use. Dr. Gerstein previously presented his approach to diabetes care
and remission at Diabetes Canada 2017 and we're certainly intrigued by this ambitious and potentially
paradigm-shifting approach to diabetes treatment. Certainly, the idea of diabetes remission is attractive, but
the proof is in the pudding - we look forward to clinical trials evaluating this approach (see below) and we're
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love to hear perspectives from patients who've gone through this program regarding the logistical feasibility,
treatment burden, satisfaction, costs, etc.

▪ The Canadian REMIT trial program is investigating this model through three separate
open-label, randomized, parallel design trials comparing the effectiveness of a
12-week course of metabolic rehabilitation therapy vs. standard type 2 diabetes care
after 24 weeks. In all three trials, the metabolic rehabilitation therapy involves intensive diet and
exercise modification plus insulin glargine, metformin, and a third diabetes drug: a DPP-4 inhibitor
(Merck's Januvia [sitagliptin]; n=100), an SGLT-2 inhibitor (AZ's Farxiga [dapagliflozin]; n=154),
and a GLP-1 agonist (Sanofi's Soliqua [insulin glargine/lixisenatide]; n=160). The primary endpoint
for each study is the proportion of participants achieving drug-free diabetes remission (defined as
A1c <6.5%) after 24 weeks. Secondary endpoints include proportion of patients achieving diabetes
remission at 36 weeks and 64 weeks after randomization. According to ClinicalTrials.gov, REMIT-
Dapa is expected to complete in October 2018 (primary completion occurred in July 2017), REMIT-
Sita is expected to complete in December 2018 (primary completion in September 2018), and
REMIT-iGL is expected to complete in December 2019 (primary completion in November 2018). A
pilot study of Dr. Gerstein's remission approach was recently published in the Journal of Clinical
Endocrinology and Metabolism, showing proof-of-concept for diabetes remission for newly-
diagnosed patients using metabolic rehabilitation therapy involving metformin, acarbose, and
insulin glargine, plus intensive diet and exercise: 21% of participants achieved partial or complete
diabetes remission eight weeks after an eight-week course of metabolic rehabilitation, and this rose
to 41% for a 16-week course of the intervention. With the caveat that this is still early-stage data on a
short timescale of follow-up and we aren't sure how to weigh "partial" diabetes remission, we are
certainly intrigued by this approach and look very forward to following the results of the larger
REMIT trial.

▪ Notably, the concept of type 2 diabetes remission is garnering more support of late,
with Prof. Roy Taylor's DiRECT trial reading out at IDF 2017. We saw multiple post-hoc
analyses of DiRECT at this ADA, and these follow-up studies emphasized the importance of beta cell
function to make remission a reality. The goal in DiRECT was similar to the one in REMIT - getting
patients off diabetes drugs completely - but Prof. Raylor's program used only an intensive lifestyle
intervention without any DPP-4 inhibitor, SGLT-2 inhibitor, or insulin. More specifically,
participants in the DiRECT trial were put on an 800 calorie/day diet for three-five months with
withdrawal of all anti-hyperglycemic and anti-hypertensive therapies. Then, there was stepped food
reintroduction for two-eight weeks, and participants received structured support for long-term
weight maintenance. Read more about DiRECT here, and see why type 2 diabetes remission was a
major overarching theme at this ADA.

Symposium: Enhancing the Use of Diabetes Prevention and Cardiovascular
Risk Factor Control

Medicare Diabetes Prevention Program Final Rules May Limit Beneficiary Access
and Widen Health Disparities

Natalie Ritchie, PhD (University of Colorado, Aurora, CO)

Health psychologist Dr. Natalie Ritchie presented an economic analysis of a Colorado Medicare DPP program.
She reported a troubling $661 gap between the service costs of the program ($800 per beneficiary) and
projected reimbursement ($139 per beneficiary on average, out of a maximum possible $450 for achieving all
attendance and weight loss goals after one year). Dr. Ritchie explained that many MDPP centers can't afford
to cover this gap - particularly centers that serve primarily low income and minority populations - and this
financial strain could eventually lead to discontinuation of the program, thereby further widening health
disparities in diabetes and prediabetes. Despite this grim picture, Dr. Ritchie also emphasized that there is
still a very strong ROI for MDPP enrollment over the long term ($1,112 in healthcare costs saved per
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beneficiary per year on average in this center) and this could support the idea of increasing the level of
reimbursement for MDPP. Independent of any policy-level changes in reimbursement for MDPP, Dr. Ritchie
stressed that the most promising approach for closing this gap is to increase reimbursement via improved
participant performance on MDPP outcomes. In this particular Colorado program, only ~5% of participants
met all of the treatment goals and received full reimbursement. A majority (59%) attended >four sessions
within the first six months (which alone yields $50 in reimbursement), but fewer (21%) achieved the >5%
weight loss goal (which yields $160, the biggest reimbursement payoff for any MDPP milestone), and even
fewer maintained >5% weight loss over months 7-9 (10%) and months 10-12 (7%), each of which yields an
additional $60 in reimbursement. Launched on April 1, 2018, reimbursement for MDPP is just getting off the
ground and Dr. Ritchie acknowledge that there is plenty of room for tweaks to improve participant outcomes -
especially in the domain of tailoring the MDPP curriculum for cultural appropriateness.

Symposium: Diabetes Prevention - What Are We Preventing?

Preventing Diabetes vs. Treating Prediabetes

Leigh Perrault, MD (University of Colorado, Denver, CO)

Dr. Leigh Perrault gave a passionate talk on the importance of prediabetes care, arguing that "we can prevent
diabetes and improve health outcomes by treating prediabetes like we treat diabetes." She laid out a
compelling case for more aggressive and earlier approaches to prediabetes, and she urged HCPs in the room
to reframe diabetes prevention into actually treating another disease (in her view, this reframe will pave the
way for more effective prediabetes care because we consider "treatment" more urgent than "prevention"). Dr.
Perrault highlighted a number of studies showing the success of prediabetes interventions (i.e. lower rate of
conversion from impaired glucose tolerance to type 2 diabetes); she touched on ORIGIN, DREAM, ACT NOW,
DPP, XENDOS, SEQUEL, and SCALE. Zooming in on the Diabetes Prevention Program (DPP) in particular,
Dr. Perrault noted that both lifestyle intervention and metformin could have a role to play in treating people
at high risk for new-onset type 2. She acknowledged the roadblock - really, the elephant in the room - that
FDA doesn't currently approve drugs for prediabetes. This has hindered our ability to study prediabetes care
with greater precision, she stated. During Q&A, Dr. Perrault suggested that we lower the A1c threshold for a
diabetes diagnosis, and we found this idea very interesting. If "clinical inertia" is a challenge in diabetes
management, it's most certainly a problem precluding prediabetes treatment, and perhaps catching
hyperglycemia earlier in the course of disease development is one potential solution.

Questions and Answers

Q: Your talk seems to be making a convincing argument for redefining what diabetes actually
is.

A: We went back and really looked at what the thresholds were for complications, we really looked at the
epidemiology of it, and we saw that the relative risks of CV disease really start at A1c levels of 5%. In my
fantasy world, I would love to see the diabetes definition reset to an A1c level of 6% (instead of the current
6.5% definition).

Symposium: Obesity in Type 1 Diabetes - An Evolving Challenge

Pharmacotherapy for Obesity in Type 1 Diabetes

Jennifer Clements (Presbyterian College School of Pharmacy, Clinton, SC)

In a session on obesity in type 1 diabetes, Ms. Jennifer Clements reviewed options for pharmacotherapy that
stimulates weight loss, offering advice on how each product might best be incorporated into treatment plans.
She pointed to the ADA guidelines which only recommend weight loss therapy in motivated patients with a
BMI above 27 kg/m . Moreover, ADA stipulates that weight loss drugs should only be used as an adjunct to2

lifestyle modification, and Ms. Clements endorsed this view. Since 2012, four obesity therapeutics of note
have been introduced to the market - Arena/Eisai's Belviq (lorcaserin), Vivus' Qsymia (phentermine/
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topiramate), Orexigen's Contrave (naltrexone/bupropion), and Novo Nordisk's Saxenda (high-dose
liraglutide) - and Ms. Clements detailed the clinical trial successes of each. She highlighted that every agent
has shown a mean placebo-adjusted weight loss difference of at least 3%, with Qsymia showing an impressive
9% in one RCT. She acknowledged, however, that headache, nausea, and other side-effects make these
challenging therapies for some to use. It is certainly a tough market for obesity products today, as became
exceptionally clear when Orexigen filed for bankruptcy in March. Ms. Clements also discussed diabetes drugs
with a significant weight loss benefit, mentioning metformin, GLP-1s, and SGLT-2s - interestingly, all three of
these are commonly used off-label in type 1 diabetes, and SGLT inhibitors could soon be approved with an
official type 1 indication. It'll be a major win for patients to have an approved therapeutic option that helps
with weight loss in addition to glucose control, time-in-range, and overall diabetes management. As obesity
prevalence continues to rise, there's a growing overlap between overweight/obesity and type 1 diabetes, and
we appreciated this symposium for all the learning and insight on how to manage these conditions when
comorbid.

Symposium: Unrecognized (Occult) Metabolic Conditions in Women with
Gestational Diabetes Mellitus that Predict Metabolic Complications Later in
Life

Obesity during Pregnancy - Long-Term Cardiometabolic Consequences for
Mother and Child

Susan Ozanne, PhD (University of Cambridge, UK)

According to Dr. Susan Ozanne, exercise may be more beneficial than metformin for pregnant women with
gestational diabetes. Dr. Ozanne presented her own research comparing the cardiometabolic health of
maternal mice and their offspring across three arms: (i) a control group; (ii) a group with obesity; and (iii) a
group with obesity that exercised for the three weeks of gestation. During pregnancy, mothers with obesity
who exercised had significantly better glucose tolerance (p<0.05) and lower insulin levels (p<0.01) vs. those
with obesity without exercise. At baseline, maternal fat mass and leptin levels were similar across groups #2
and #3 (models of obesity), but were significantly higher vs. the control group. While the exercise intervention
did not correct hypertension in offspring, it did lead to lower fetal pancreatic insulin content vs. the group
without exercise (p<0.05) and it prevented hyperinsulinemia (p<0.05). Dr. Ozanne also ran a similar trial
replacing the exercise intervention with metformin, and while the drug helped reduce fat composition vs.
mice with obesity without metformin (p<0.05), there was no significant impact on offspring adiposity. Dr.
Ozanne emphasized the importance of considering both the short- and long-term impact of gestational
diabetes interventions - that is to say, we should think not only about how a treatment improves outcomes for
the mother, but also about how it changes the health and metabolism of offspring. Based on this talk, it
appears that exercise may yield better short- and long-term results compared to metformin therapy, though
we note that the studies presented weren't head-to-head. In general, we're eager to continue learning more
about gestational diabetes and how intervening at this touch point in healthcare could help address multiple
epidemics (gestational diabetes, childhood obesity, childhood type 2 diabetes, etc.).

Symposium: Defining a Healthy Diet - Do Fats or Carbohydrates Matter
More?

It's All about the Fats!

Allison Sylvetsky, PhD (George Washington University, Washington, DC)

As part of an engaging debate session, Dr. Allison Sylvetsky argued for the importance of fat over
carbohydrates in a healthy diet. While most studies have observed no association between total fat intake and
diabetes when controlling for body weight, Dr. Sylvetsky suggested that the type of fat does matter. The
majority of evidence points to no significant association between saturated fatty acids and type 2 diabetes,
though there are unquestionable links to CV health. Moreover, Dr. Sylvetsky pointed to one cohort study from
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the Netherlands in which eating saturated fats derived from cheese led to lower type 2 diabetes incidence
compared to saturated fats derived from soft and liquid fat. She reviewed the Nurses' Health Study, the Iowa
Women's Health Study, and the Health Professionals Follow-up Study to demonstrate that polyunsaturated
fatty acid consumption may be protective against type 2 diabetes for both men and women. Another isocaloric
study (which maintained total calorie count but replaced one macronutrient for another) found that poly or
monounsaturated fats lowered A1c and insulin levels to clinically significant degrees when they replaced
carbohydrates or saturated fats.

▪ Our impression overall is that nutrition science is still lacking and that there's
ongoing debate over the "best" diet for diabetes prevention. The issue is even more
complicated when you add goals like minimizing CV risk (although this is of course closely related to
hyperglycemia management). In order for nutrition recommendations to take hold, they must be
adapted for different cultures as well, which introduces another challenge. We're glad to see
continued investigation and conversation on nutrition/diabetes, and we hope to be writing about
more consensus in this field come ADA 2020, or 2025, or 2030.

It's All about the Carbs!

Viswanathan Mohan, MD (Madras Diabetes Research Foundation, Chennai, India)

The highly-esteemed Dr. Viswanathan Mohan, recipient of this year's Harold Rifkin Award for Distinguished
International Service in the Cause of Diabetes, challenged the notion that fats are more important than carbs
in maintaining a healthy diet. Regardless of the form of a refined carbohydrate, which varies by geography
(e.g. white rice in Asia vs. corn syrup in America), Dr. Mohan established that carb intake is associated with
elevated diabetes risk. All refined carbohydrates have high glycemic indices, glycemic loads, and a lack of
fiber; all contribute to diabetes in the absence of obesity, according to one Japanese study. Dr. Mohan also
outlined similar results illustrating the link between carbohydrate intake and type 2 diabetes or metabolic
syndrome from Chinese and Indian studies (as an aside, he commented that rates of carb consumption tend
to be higher in Asian countries). Continuing on, Dr. Mohan elaborated on archaeological evidence showing
that increased carbohydrate intake is associated with endemic nutrient deficiencies, a decrease in mean
height, dental caries, NAFLD, and even certain types of cancers. Dr. Mohan reminded the audience that eating
carbs in moderation is healthy and emphasized the role of natural, unprocessed foods (whole grains,
vegetables, fruits, etc.) in a healthy diet. For more on the merits of low-carb diets in diabetes, see diaTribe.org.
And for more from the great Dr. Mohan, read our interview with him from 2009, when we first met him on a
trip to Chennai.

Symposium: Genetics and Type 2 Diabetes in Youth

Metformin Response among Youth with Type 2 Diabetes - Impact of Ethnicity/
Genes

Elvira Isganaitis, MD (Joslin Diabetes Center, Boston, MA)

Dr. Elvira Isganaitis maintained that race and ethnicity offer limited insight into the biological mechanisms
for metformin response in youth, and she argued that genomic analysis is more granular and informative.
After listing the notable benefits to metformin, Dr. Isganaitis underscored that it's not a panacea, as 21% of
adults do not respond and youth have even lower response rates. Through three cases presentations of African
American patients, she showed the hit-or-miss nature of metformin's efficacy: One patient was well-
controlled on metformin alone, another responded partially to metformin but still required insulin, and a
third didn't respond to metformin at all. Dr. Isganaitis pointed to conflicting results from the TODAY study
(in which metformin monotherapy was slightly less effective in non-Hispanic Black participants vs. others)
and from other clinical trials in which there was no significant difference in metformin response across
African Americans vs. other races. Thus, she concluded that race and ethnicity do not reasonably predict
metformin response in youth. Dr. Isganaitis then reviewed data from various pharmacogenetics and
pharmaco-epigenetics studies suggesting that variants of SNPS at the MODY loci, TCF7L2, GLUT2/SLC2A2,
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MATE1, and OCT1/SLC22A1 may influence metformin response. She noted that the heritability of reduction
in A1c with metformin is around 34% (indicating moderate heritability similar to Alzheimer's, which has a
heritability of 30%). Her talk left us convinced that genomic analysis could improve outcomes with metformin
by getting the drug to the right patients (those most likely to experience benefits), though we're not sure how
feasible this is for the real world. The RISE Peds study also reported results at this ADA, showing that
metformin does nothing to preserve beta cell function in youth with type 2 diabetes or prediabetes - that's not
to say that it shouldn't be prescribed (because the resulting weight loss and A1c improvements are
meaningful), but it's valuable to note as we consider the epidemic of childhood obesity and youth-onset type
2.

Symposium: Ordering from the Weight Loss Menu in the Era of Precision
Medicine for Obesity

Predicting Obesity Using Genetic Information

Ruth Loos, PhD (Mount Sinai School of Medicine, New York, NY)

Dr. Ruth Loos asserted that we don't yet have enough research to use genetic information effectively in
precision medicine for common obesity. She argued that personalizing treatment requires a fuller picture than
genetics alone. Dr. Loos explained that the utility of genetic information for precision medicine depends on
how much genes contribute to the phenotype. While monogenic obesity results from a single mutation that
has a large effect, common obesity is the result of many genetic variants in many genes that all have very small
effects individually. For instance, 97 BMI-associated loci explain 2.7% of the variance in BMI. As Dr. Loos put
it, asking whether your parent has obesity is more predictive than all those loci. She cautioned the audience to
take companies' claims about providing health advice based on genetics with a grain of salt, as it's very
difficult to figure out what studies support these claims.

▪ Our main takeaway from Dr. Loos' talk, and from this symposium as a whole, was that
precision medicine in obesity is not very far along. Our sense is that "precision medicine"
has become something of a buzz word, that there's been more hype than follow through in
generating actual precision medicine-based solutions to use in real-world healthcare. Of course, we
understand that this field is complex, and that solutions won't come easily - 97 loci explaining less
than 3% of BMI variance tells us that much. Here's hoping that at ADA 2019, or 2020, or 2025, we'll
be hearing much more concrete information on precision medicine for diabetes and obesity.

Symposium: Beta Cell De-Differentiation - True or False?

Beta-Cell Stress and De-Differentiation - Moving Beyond Semantics

Mark A. Magnuson, MD (Vanderbilt University, Nashville, TN)

Vanderbilt's Dr. Mark Magnuson discussed how various stressors can induce beta cell de-differentiation, and
he argued that we need to adopt a systems biology approach to understand beta cell dysfunction in type 2
diabetes. Dr. Magnuson described how in type 2 diabetes, beta cells can return to a progenitor state (as
measured by levels of biomarkers and gene expression). He outlined three experiments, each focused on a
distinct stressor: (i) excitotoxic; (ii) lactogenic; and (iii) gender. Excitotoxic stress is characterized by neural
death and is marked by elevated intracellular calcium levels in islets. Mice with a single gene knockout
(Abcc8) modeled excitotoxicity, and compared to control mice, these knockouts experienced the expected
dysfunction in calcium-regulating genes, disruption of islet architecture, and most importantly, alterations in
cell fate as measured by pancreatic polypeptide (PP) cells. Lactogenic stress during pregnancy was studied
using a mouse insulin I gene promoter (MIP) with an engineered green fluorescent protein (GFP) gene. These
MIP-GFP transgenes are transcriptionally activated via leaky growth hormone expression. A comparison of
MIP-GFP mice to growth hormone knockout mice revealed 7,000 differentially expressed genes between the
two, with stress genes more highly expressed in the beta cells of MIP-GFP mice. Last, gender was viewed as a
stressor. Males are known to develop type 2 diabetes at a lower mean BMI than women, and glucose-
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stimulated insulin secretion is higher in human female islets vs. male ones. Dr. Magnuson discussed one
experiment in which male and female islets responded differently to identical metabolic stressors. He
suggested that the measurable heterogeneity of beta cells in these experiments potentially marks varying
stages of beta cell de-differentiation or beta cell failure.

Beta Cell De-Differentiation - One Way or Round Trip?

Piero Marchetti, MD (University of Pisa, Italy)

Dr. Piero Marchetti explained that beta cell de-differentiation is a potentially reversible occurrence. He
posited that de-differentiation of beta cells, rather than cell loss, drives onset and progression of type 2
diabetes. Stopping this de-differentiation in its tracks, or reversing the process, is an exciting avenue for
research into type 2 pathophysiology and treatment. To-date, this field of research has yet to decisively
answer the question of whether or not beta cell de-differentiation can be overturned. Dr. Marchetti
summarized findings from previous experiments of glucose-stimulated insulin secretion in isolated islets
(both human and rodent cells). He showed how functional defects and cell death can be ameliorated by
metformin or an exendin-4-based GLP-1 agonist, which suggests reversibility of de-differentiation. Dr.
Marchetti's team treated pancreatic islets from 16 type 2 donors with basal or acute concentrations of glucose
(5.5 mM and 16.7 mM, respectively). Insulin stimulation index results showed wide variations between
individuals. Six "improvers" experienced significant insulin stimulation improvement, and these participants
did not different from the "non-improvers" on sex, BMI, or diabetes duration. Subsequent RNA-sequencing of
"improver" cells found increased expression of three genes (MAFA, NKX6-1, PDK1) in samples treated with
the acute level of glucose. A second experiment treated islet preparations from 26 non-diabetic donors with a
battery of metabolically stressful conditions. While beta cell function was not significantly altered under single
stressors, select combinations significantly decreased insulin secretion and changed gene expression.
Removal of these stressors painted a complex picture of beta de-differentiation, as return of gene expression
varied widely. All in all, it seems like the jury's still out on the reversibility of beta cell de-differentiation, and
pinpointing an answer could hold major implications for type 2 diabetes treatment.

Mini-Symposium: Youth-Onset Type 2 Diabetes and Exercise - Outcomes
and Challenges

Exercise Dose and Diabetes Risk in Children with Overweight/Obesity

Catherine Davis, PhD (Augusta University, GA)

Dr. Catherine Davis presented results from the PLAY randomized controlled trial, which sought to determine
the amount of daily exercise needed to reduce type 2 diabetes risk in children. In the study (n=7,011),
schoolchildren were randomly assigned to zero, 20, or 40 minutes of exercise per day for three months.
Children were rewarded for effort (measured by average heart rate) rather than performance. Dr. Davis
reported that 20 minutes of daily exercise was sufficient to reduce diabetes risk by a significant degree, and
she explained that the intensity of activity was more important than the duration of exercise. This finding
indicates that relatively short periods of aerobic activity can benefit children who are at risk for type 2
diabetes, with the caveat that this was only one RCT. If this result holds true, it could be a win from a public
health perspective, because shorter bouts of physical activity are easier to incorporate into a school day.

Changing the School of Thought on Metabolic Health in Children by Creating an
ACTIVE Classroom

Rebecca Hasson, PhD (University of Michigan, Ann Arbor, MI)

Classrooms designed to facilitate movement can elicit health benefits in children, and Dr. Rebecca Hansson is
a major proponent of the active classroom setup. In this talk, Dr. Hansson spoke about her findings from the
InPACT project, which evaluated whether implementing activity breaks in school protocol would be plausible.
Her work also considered whether the intervention would work well across schools serving students from
different socioeconomic backgrounds. The project found that teachers were able to successfully implement
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five activity breaks per day, and that students enjoyed the activity breaks and participated at a moderate to
vigorous intensity level. Furthermore, students reported feeling encouraged to be active outside of school and
appreciated the activity breaks as an outlet for energy. That said, the same intervention had slightly less
positive impact in the school with the lowest socioeconomic status. Future directions for research could
include rigorous assessment of disparities in intervention implementation - in other words, was the
intervention implemented in a standard manner or were there notable differences in lower socioeconomic
status schools? Perhaps the intervention needs to be tweaked to fit the sociocultural norms of different
communities. In Dr. Hansson's view, these results support the sustainability of such a program, as the
InPACT project enhanced physical activity for both students and teachers.

Posters

Results of an Interim Analysis of a Phase 2, Randomized, Double-Blind, Placebo-
Controlled Clinical Trial of ZGN-1061 in Patients with Obesity and Type 2 Diabetes

T Kim, D Zhuang, T Hughes, D Kim, K Taylor

The focus of this poster was Zafgen's phase 2 obesity candidate ZGN-1061, a MetAP2 inhibitor. A phase 2 trial
in people with obesity/type 2 diabetes is currently ongoing (expected to complete in April 2019 per
ClinicalTrials.gov, though this is a marked delay from the previous June 2018), and this poster offered a
glimpse at interim data from a subset (n=57) of the study population (n=129). After eight weeks, A1c declined
0.4% from a baseline 8.7% with the highest (9 mg) dose of ZGN-1061 and actually increased 0.2% with
placebo (ETD 0.6%, p<0.02). After 12 weeks, A1c fell 0.5% with the study drug and rose 0.4% with placebo
(ETD 0.9%, p<0.01). Weight loss trended in favor of ZGN-1061 (-3.3 lbs vs. -2 lbs with placebo from a
baseline 233 lbs), though this did not reach statistical significance at the 12-week mark. For more, read our
coverage of Zafgen's corporate update from January 2018.

▪ Notably, there were no observed changes in thrombosis biomarkers (e.g. D-dimer)
over 12 weeks. Zafgen previously had to discontinue obesity candidate beloranib because of two
thrombosis-related deaths in phase 3; beloranib was also a MetAP2 inhibitor, and we thus expect all
eyes to be on thrombosis and safety as more data comes out on second-gen ZGN-1061.

Weight loss among Adults with Type 2 Diabetes Mellitus Participating in the
Diabetes Prevention Program (DPP) (675-P)

D Carpenedo, S Brokaw, S Tysk, J Fernandes, TS Harwell, SD Helgerson, D Gohdes

This study compared weight loss and cardiovascular risk factors in DPP-enrolled adults with type 2 diabetes
taking metformin (n=59) vs. adults with type 2 diabetes not taking metformin (n=46). All participants were
enrolled in the Montana Diabetes Prevention Program from 2008-2016, which allows people with type 2
diabetes to enroll per the recommendation of the lifestyle coach and referring provider. Participants in both
groups had similar baseline weight and a similar proportion achieved the weight loss (>7% weight loss) and
physical activity (>150 min/week) goals at four months (see below). At 10 months, lab results indicated
similar improvements in cardiovascular risk factors, including blood pressure, cholesterol, triglycerides, and
fasting blood glucose (see below). Those who self-monitored fat intake at 14-16 weeks were more likely to
achieve the >7% weight loss goal - a factor that turned out to be even more important than meeting physical
activity goals. Ultimately, the results suggest the benefits of lifestyle intervention for those with type 2
diabetes, regardless of whether they are taking metformin. The poster didn't present A1c or FPG baseline or
change, though we wonder if metformin helped participants return to normoglycemia.

▪ We are intrigued by the inclusion of people with type 2 diabetes in the DPP. What is the
rate of diabetes "reversal" (return to normoglycemia) in these participants? How well does DPP
reduce medication burden and/or prevent complications in people with established type 2 diabetes,
and what is the cost-effectiveness? We also wonder how many carbs per day the DPP recommends.
Given the strong prediabetes data we saw from Virta at ADA, we'd be fascinated to compare the
dietary approaches and outcomes..
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Type 1 "Cure" Therapies and Pathophysiology

Symposium: Lessons Learned from the Environmental Determinants of
Diabetes in the Young (TEDDY) Study Supported by a Grant from The
Leona M. and Harry B. Helmsley Charitable Trust)

Insights into Early Autoimmune Type 1 Diabetes

Jeffrey Krischer, PhD (University of South Florida, Tampa, FL); Riitta Veijola, PhD
(University of Oulu, Finland); Maria Lönnrot, MD (University of Tampere, Finland); Jill
Norris, PhD (Colorado School of Public Health, Denver, CO)

TEDDY investigators provided an update on findings from this ambitious program that aims to identify the
environmental triggers for type 1 diabetes. Ultimately, this symposium offered a list of many factors that
aren't predictive of type 1 onset, and intriguing data suggesting that having a second degree relative with type
2 diabetes may delay the progression from autoimmunity to type 1 diabetes. Before diving into the new
results, some brief background: TEDDY enrolled 7,718 participants with high-risk HLA haplotypes via general
newborn screening (418,709 were screened), plus 949 high-risk newborns via first-degree relative screening
(6,417 were screened). For the first four years of enrollment, participants were seen quarterly (a variety of
biosamples were collected, and blood was tested for antibodies and relevant biomarkers) and a battery of
environmental variables were monitored via survey. After four years, only antibody-positive children were
seen every three months, while all others were seen every six months, until age 15. As of February 2018,
median cohort age was 10 (range 8-13). So far, 769 participants with two+ autoantibodies have been observed,
and 310 new cases of type 1 diabetes have occurred; ~800 and ~400 cases, respectively, are expected by study
end. TEDDY has dual primary endpoints of (i) confirmed persistent islet autoimmunity (GADA, IA-2A, or
IAA) and (ii) clinical diabetes.

▪ In TEDDY, having a second degree relative with type 2 diabetes delayed progression
from autoimmunity to type 1 diabetes vs. those without a family history of type 2
(HR=0.61, 95% CI: 0.44-0.86, p=0.003). While it's possible that this finding occurred due to
chance, Finland's Dr. Riitta Veijola showed that it was seen consistently, independently, and to a
similar degree in study populations from the US, Sweden, Finland, and Germany. Moreover, this
analysis was adjusted for class II HLA, age at seroconversion, first-degree relatives with type 1, IAA
and IA-2A titers, and seven SNPs. Additionally, there were no notable differences based on first-
appearing autoantibody. Dr. Veijola called these results "quite intriguing." We agree. She Veijola
proposed that type 2 susceptibility genes may affect progression or that families may modify their
lifestyle in response to type 2 diabetes in the family.
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◦ Dr. Veijola also presented data reaffirming the importance of type 1 in
relatives. As expected, development of autoimmunity was predicted by having a first
degree relative with type 1 (HR=2.2, 95% CI: 1.8-2.8, p<0.001). Interestingly, TEDDY has
also underscored the influence of paternal and sibling type 1 status (p<0.001) relative to
maternal status (p=0.108), an established but as-of-yet unexplained phenomenon. Having
second degree relatives with type 1 was also predictive of autoimmunity (HR=1.4, 95% CI:
1.1-1.8, p=0.017).

▪ Dr. Jeffrey Krischer outlined two apparent endotypes of type 1 diabetes defined by the
first-appearing islet autoantibody (IA): GADA or IAA. Thus far, evidence suggests that
children who develop their first IA very young (<two years-old) are more likely to develop IAA first,
while those who develop autoimmunity later in life are more likely to develop GADA first. In those
who experienced seroconversion at <six years old, 45% had IAA, 40% GADA, and 15% developed
both together; among those who converted after turning six, 68% had GADA first, 25% IAA first, and
7% both. As such, there seems to be some relationship between type 1 onset and autoantibody type.
Notably, there is some significant difference in hazard ratio for progression to type 1 diabetes
depending on first IA, with the IA group seroconverting earlier than the GADA group. However, Dr.
Krischer explained, the real difference occurs within the first couple of years and the survival curves
progress in parallel from there. Differences in first IA groups are also underlain by HLA genotypes,
with the DR3/3 haplotype favoring GADA-first and all haplotypes including DR4 associated with
early incidence of IAA. Ultimately, Dr. Krischer demonstrated that occurrence of either IA equally
predicts progression to multiple IA, and progression from single to multiple IA usually occurs within
12 months. Moreover, the disease process seems to be the same regardless of IA progression, and
researchers still haven't figured out any valuable predictive variants or biomarkers beyond HLA and
family history. In Dr. Krischer's analysis, this data indicates that development of type 1 diabetes is
driven by multiple environmental exposures, and he closed with an interesting slide pointing to a
spike in natural killer cells among those first developing IAA, suggesting a possible role for infection
in this etiology.

▪ While childhood GI infection was not predictive of the onset of autoimmunity overall,
these events did make it significantly more likely that IAA would be the first-appearing
autoantibody. University of Tampere's Dr. Maria Lönnrot elaborated that a GI infection decreased
the risk of IAA appearance within the next year by 40% (OR=0.6, 95% CI: 0.5-0.9, p<0.0001) and
increased the risk of GADA appearance within the next year by 50% (OR=1.5, 95% CI: 1.1-2.2,
p<0.0001). Interestingly, these associations were even stronger if the child also experienced a
respiratory infection before six months of age. Similarly, gestational infections were examined with
respect to first-appearing IA, and an interaction was identified with gestational respiratory
infections (results published in the Journal of Autoimmunity). TEDDY collected data on upper and
lower respiratory tract infections, gastroenteritis and diarrhea, and other infections (kidney,
bladder, urinary tract, skin infections; rash; cold sores; and other febrile infections). Infections
overall were not associated with IAA-only or GADA-only as first autoantibodies. That said, Dr.
Kristian Lynch pointed out that the presence of a gestational respiratory infection muted the
association, outlined above, of IAA-first with the DR4/8 haplotype (HR=0.45, 95% CI: 0.24-0.84),
as well as the association of the DR3/3 haplotype with GADA-first (HR=0.54, 95% CI: 0.30-0.97).
Future research will evaluate if infections have a further impact on disease progression or
seroconversion.

▪ Maternal vitamin D and omega-3 supplementation aren't associated with the child's
risk of islet autoimmunity or the appearance of the IAA and GADA autoantibodies. Dr.
Jill Norris elaborated that 63% of TEDDY mothers used vitamin D supplementation and 16% used
omega-3 supplementation. There was no relationship between the presence of maternal vitamin D
supplementation and the development of child autoimmunity (HR=1.11, 95% CI: 0.94-1.31, p=0.21),
and this held true for the amount of vitamin D the mothers consumed (HR=1.05, 95% CI: 0.96-1.15,
p=0.28). Similarly, there was no relationship between the development of autoimmunity and either
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maternal presence of omega-3 supplementation (HR=1.19, 95% CI: 0.98-1.45, p=0.08) or amount of
omega-supplementation (HR=1.18, 95% CI: 0.96-1.46, p=0.12). For both vitamin D and omega-3,
the same trends held true for the secondary outcomes of appearance of IAA and appearance of
GADA. Notably, these results reflect only self-reported maternal nutrition supplementation during
pregnancy and not the actual circulating levels of vitamin D and omega-3 in the bloodstream (which
is additionally influenced by dietary vitamin D and omega-3 intake, and vitamin D intake from the
sun). Nevertheless, this corroborates an existing body of research suggesting that vitamin D is not
related to type 1 diabetes risk: Most recently, to a 2017 study demonstrated that neither self-
reported vitamin D supplementation nor circulating vitamin D levels were associated with the
development of type 1 diabetes in offspring in a Norwegian population.

Symposium: Clinical Trials for Type 1 Diabetes - Current, Emerging, and
Novel

Combination Immunotherapy for Type 1 Diabetes - The TrialNet ATG/GCSF Study

Michael Haller, MD (University of Florida, Gainesville, FL)

Dr. Michael Haller presented encouraging TrialNet data to suggest that low-dose antithymocyte globulin
(ATG) could prevent or delay the progression of new-onset type 1 diabetes. Participants (n=84, 12-45 years-
old) with recent-onset type 1 diabetes (<100 days) were randomized to infusions of ATG alone (2.5 mg/kg),
ATG in combination with granulocyte colony stimulating factor (6 mg GCSF every two weeks for 12 weeks), or
placebo. Dr. Haller built up suspense before revealing the primary outcome results: After one year,
participants on placebo experienced a ~0.45 mmol/L decline in C-peptide levels, but this was significantly
attenuated to only ~0.1 mmol/L with ATG monotherapy (p=0.0003) and to ~0.25 mmol/L with ATG/GCSF
combination therapy (p=0.031, just missing significance given the study's p=0.025 threshold for superiority).
These improvements in C-peptide were accompanied by improvements in A1c: From a baseline of ~7.5%, A1c
fell significantly to ~6.5% with ATG monotherapy (p=0.002) and trended downward to ~7% with ATG/GCSF
combination therapy (p=0.011, again narrowly missing superiority). Interestingly, neither therapy produced
any reductions in insulin dose, at least over this short time period. Dr. Haller noted that the collection of two-
year data will be completed this Fall. He also shared that a paper featuring this one-year data has been
accepted for publication in Diabetes Care; we're looking forward to digging into the full results. Notably, a
previous study with ATG/GCSF combination therapy in patients with less recent-onset type 1 (four months to
two years) also showed improvements in C-peptide (p=0.05), but no corresponding improvement in A1c. This
underscores that this therapy is perhaps best positioned for very recent-onset type 1 diabetes, to address beta
cell destruction as swiftly as possible.

▪ Although we maintain that measured expectations are key when discussing type 1
prevention and cures, these positive results are a welcome bright spot in a challenging
R&D landscape. In fact, just one year ago at ADA 2017, we characterized type 1 prevention/cure
research as "bleak," given findings from TrialNet's Oral Insulin study, DiAPREV-IT (Alum-GAD in
children), and a JDRF-backed study of Gleevec (Imatinib) that were "disappointing at worst, and
mixed at best." This year's ADA meeting is offering much more enthusiasm for improvements in
type 1 diabetes treatment, though the focus is primarily on adjunctive therapies rather than "cure"
therapies. Nonetheless, the type 1 cure/prevention competitive landscape is robust, as you'll see
here. It's important to keep in mind that Dr. Haller's study was small (<100 participants) and
involved only one-year of follow-up, but the suggestion that ATG could preserve C-peptide (and
possibly beta cell function) is encouraging.

▪ Dr. Haller characterized these ATG and ATG/GCSF cocktails as "Brazil Lite," an
allusion to the Brazil Cocktail (also known as the Voltarelli Cocktail), which uses
extremely high doses of ATG to wipe out immune cells and "rescue" patients with an
autologous hematopoietic stem cell transplant (AHSCT). With the Brazil Cocktail, ~60% of
patients achieved insulin independence within six months, and nearly 40% remained completely
insulin independent at the 18 month mark, per results released at ADA 2014. That said, this benefit
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did not come without cost: The frequency of severe side-effects was fairly high, and the list included
neutropenic fever, alopecia, fever, and one death due to sepsis that may or may not have been
related to the therapy. To be sure, this treatment is extremely immunocompromising (34/65
patients experienced an adverse event). Dr. Haller contextualized that TrialNet has been searching
for a less aggressive and side-effect-ridden way to achieve the promising effects of the Brazil Cocktail
on new-onset type 1 diabetes, and this low-dose ATG monotherapy appears to show at least "lite"
promise.

Symposium: Challenges and Hope in Finding a Cure for Type 1 Diabetes

Harnessing Heterogeneity in Response to Therapy

Matt Dufort, PhD (Benaroya Research Institute, Seattle, WA)

Dr. Matt Dufort discussed three immune therapy trials in type 1 diabetes that identified predictors of response
to therapy. In all three trials - an Immune Tolerance Network study of teplizumab and two TrialNet studies of
rituximab and abatacept - the topline result was a delay in loss of C-peptide in the treated group vs. the
control group, followed by a parallel decline. However, these overall results masked significant variation in
response among participants, with a subset of patients in each treatment group essentially looking like the
control group and another subset showing a very strong response. Dr. Dufort's goal was to identify differences
between responders and non-responders that could be leveraged to design better, more targeted therapies in
the future. In the study of teplizumab, an anti-CD3 monoclonal antibody that depletes T cells, Dr. Dufort's
group found that responders had higher levels of hypoproliferative, "exhausted" CD8 T cells that expressed
the markers TIGIT and KLRG. While T cell depletion is not an ideal approach to preventing type 1 diabetes
due to the immune compromise it induces, these results suggest that inducing T cell exhaustion by some other
means could be promising. In the study of rituximab, an anti-CD20 monoclonal antibody that targets B cells,
non-responders had higher CD4 T cell gene expression, suggesting a compensatory response from that arm of
the immune system. The analysis also found that baseline B cell levels were a predictor of treatment response
in younger patients (age 8-12). However, in the study of abatacept, which blocks T-cell co-stimulation, non-
responders had elevated expression of B cell genes. Dr. Dufort's main conclusion was that these analyses
illustrate a great deal of heterogeneity in response to therapy that needs to be further elucidated, and that
combination therapy will likely be the most effective approach in type 1 diabetes. We're noticing that type 1
trials are often defined by a subgroup of responders, and in fact, Dr. Jay Skyler expressed some frustration at
this at Keystone 2017, in discussing why it's so hard to make type 1 immune interventions successful.

Questions and Answers

Q: Are you worried about infection risk and immune compromise with these therapies?

A: Some of these therapies are approved for rheumatoid arthritis and those are the side effects. We don't want
to drop B cell levels too low. If we can target drugs to only the beta cells that we know are responding, that
would be better. I think we're a ways off from that, but it would be better to block the immune response in the
pancreas without general effects.

Q: You've talked about three or four different drugs, each developed by a different company.
How are you going to use it? Who's sponsoring this? You'll need 400-500 patients for 20 years
to get something approved.

A: People at my institution are working closely with pharma companies. Some of them are helpful in
providing their drug because they understand the benefits of finding alternative uses. Some are not.
Communicating with pharma companies is something people at TrialNet do a lot. It's absolutely a challenge.

The Challenge of Heterogeneity in Disease Progression

Todd Brusko, PhD (University of Florida, Gainesville, FL)

Dr. Todd Brusko discussed his group's work evaluating the impact of genetics, age, environmental exposures,
adaptive immune heterogeneity, and tissue heterogeneity on disease progression in type 1 diabetes. Previous
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work on the genetics of type 1 diabetes has produced a genetic risk score consisting of approximately 57 loci
that contribute to disease risk, with HLA-DR3/DR4 accounting for half of the risk. Those studies have
primarily involved Caucasian patients, so Dr. Brusko and colleagues attempted to validate that genetic risk
score in a more diverse cohort. They found that the score was still somewhat effective in predicting risk
overall, but that it was less predictive in African Americans than in Caucasians, highlighting the need for
further research in non-Caucasian populations. In terms of age, Dr. Brusko's group conducted an immune-
phenotyping study with 940 blood samples and found significant differences in the innate and adaptive
immune profiles of patients of different ages. The group used this information to create "growth charts" that
will allow researchers to correct for age when analyzing the immune phenotypes associated with type 1
diabetes. The main environmental exposure Dr. Brusko discussed was CMV infection, which induces
phenotypic changes in T-cell subsets that should also be accounted for in immune profiling studies. While
most of Dr. Brusko's work was done with peripheral blood samples, he also reviewed some promising
preliminary data from nPOD tissue samples showing variation in immune profiles between people with type 1
diabetes and those without.

Questions and Answers

Q: In the immunophenotyping, did you look at the difference between non-progressing people
with lots of genetic risk vs. non-progressors without genetic risk?

A: It's only a cross-sectional cohort so far. The next step is to do the same immunophenotyping on
longitudinal samples. We don't have that yet.

Q: It seems like you could estimate causes, environmental triggers, of diabetes in particular
patients with this data. Do you have any information on that?

A: We see a dramatic impact of CMV alone. It could be EBV as well. If we can link some adaptive signatures
we see to phenotypes, it may tell us when they were exposed and what they were exposed to.

Q: Do you have data on granulocytes? There's data coming out suggesting they might be
important.

A: There's lots of data from the CBC alone that I didn't show. We have data accounting for neutrophils, etc.
There are granulocyte phenotypic markers in the innate panel. We can call up any of those populations
quickly and make comparisons.

Joint ADA/Diabetes UK Symposium: Cell Therapy for Diabetes -
International Progress

Progress Toward Islets as a Clinically Approved Therapy in the US

Jose Oberholzer, MD (University of Virginia, Charlottesville, VA)

UVA transplant surgeon Dr. Jose Oberholzer outlined the current state of cell therapy for type 1 diabetes. He
argued that islet transplantation, while effective, will never be a widely available therapeutic, but
simultaneously emphasized that industry is working on promising, more commercially viable solutions. In Dr.
Oberholzer's assessment, performing 1,000 islet transplants per year in the US is an optimistic estimate, and
he doesn't imagine islet transplants will ever be available to everyone. For starters, islet transplantation as it
currently stands requires a source cadaver pancreas that can cost up to $45,000, and someone also has to pay
the salaries of the personnel involved. Not only would securing insurance coverage be a steep challenge, but
any islet transplantation that does occur will likely be on too small of a scale to garner the investment of the
private sector. Moreover, islet transplants thus far have been reserved for people who have issues with severe
hypoglycemia and hypoglycemia unawareness, and the chronic immunosuppression required alongside the
procedure presents another hurdle to uptake and reimbursement. That said, the universities and academics
who have driven the field so far will likely continue to refine the practice, and Dr. Oberholzer expects the first
FDA-approved BLA for the practice by the end of 2019 (that's sooner than we would have thought).
Investigationally, the scale remains small: Only six islet transplantation studies are currently recruiting in the
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US. Importantly, however, the work that has been done on islet transplantation has garnered significant
interest from pharmaceutical and device companies. As Dr. Oberholzer put it, industry understands this
concept isn't going to go away. Academics have shown it can be done - now someone just has to figure out how
to make it work for more patients, with fewer side-effects. Indeed, our beta cell encapsulation landscape is
relatively small but is bustling with activity and frequently expanding. Our sense is that many expect a
commercial cell therapy to be about 10 years off, but we do think more and more people in the field are getting
excited about and starting to consider this a realistic possibility.

▪ In Dr. Oberholzer's view, a commercial cell therapy product will come from industry,
and there are promising candidates already in or moving toward the clinic. He
highlighted the efforts of ViaCyte, the most advanced player in cell therapy at the moment,
emphasizing the distinction that ViaCyte's PEC strategy implants precursor cells that become
insulin-producing cells in vivo. In contrast, he clarified, Semma Therapeutics' approach involves the
implantation of already-differentiated beta cells; the company is now working on a device to harbor
and protect those cells, and to this end has partnered with Defymed, the company that developed the
preclinical MAILPAN macroencapsulation system (a semipermeable membrane pouch). Notably, at
JPM 2018, we learned from ViaCyte that the company actually plans to pursue a third-generation
PEC-QT system, hinging on the development of immune-evasive stem cells, theoretically eliminating
the need for encapsulation in the first place; while perhaps a more daunting scientific proposition,
ViaCyte is positioning this as the ultimate solution in cell therapy.

▪ Also of note, Dr. Oberholzer is one of five founding scientists of Sigilon Therapeutics,
the company that recently made headlines for inking a $63 million deal with Lilly over
its Afibromer tech, which protects implanted devices or cells from foreign body response. He
called this "likely the biggest investment ever made in this field," echoing our own excitement about
the partnership. We're thrilled to see more high-profile pharmaceutical companies with deep
experience in diabetes investing in this area. Novo Nordisk also recently announced a collaboration
with UCSF and Cornell on a separate beta cell encapsulation effort. To be sure, both scientific and
manufacturing/regulatory challenges remain, but this escalating investment and attention only
makes us more excited about where this field might go and how fast we'll get there.

Symposium: Joint ADA/ISPAD Symposium - 25 Years after the
Announcement of the DCCT Results - What Is the Status of Type 1 Diabetes
in Youth, and How Can We Do Better?

Where Do We Go from Here? Lessons Learned after 25 Years of the DCCT

Rose Gubitosi-King, MD (Case Western Reserve University, Cleveland, OH)

Dr. Rose Gubitosi-King used the DCCT/EDIC adolescent cohort to make a strong case for early and sustained
(i.e. lifelong) intensive glucose control in order to reduce long-term complications. In the DCCT overall,
intensive glucose control was associated with a 76% drop in retinopathy outcomes vs. conventional control
(p<0.001) among patients without retinopathy at baseline; in the cohort with baseline retinopathy, intensive
glucose control gave a 54% relative risk reduction for additional adverse eye outcomes (p<0.001). With these
findings, DCCT/EDIC offered a mandate for intensive glucose control in type 1 diabetes. Dr. Gubitosi-King
showed how splitting the data by age group (adults vs. adolescents) adds another dimension to the story.
Four-year EDIC data (i.e. four years after the end of DCCT's intervention) demonstrate a virtually identical
72% reduction in the incidence of retinopathy in both the adult (p<0.001) and adolescent (p=0.0165)
subgroups with intensive vs. conventional therapy. At 10 years, adults retain most of the benefit of intensive
control with a 57% reduction in retinopathy vs. their counterparts in the conventional therapy arm (p<0.001
for comparison; p=0.0329 vs. four years), but adolescents rise to the same retinopathy incidence as the
conventional therapy arm (p=0.9500 for comparison, p=0.0071 vs. four years). That is, at 10 years post-
DCCT, those enrolled as adolescents saw no difference in rates of retinopathy regardless of randomization. Dr.
Gubitosi-King drove home the message that adolescents present a unique set of challenges: increased
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peripheral insulin resistance during puberty, less diligent blood glucose monitoring for a variety of reasons,
irregular exercise and schedules, and decreased counter-regulatory responses during sleep. Moreover, the lack
of a legacy effect in adolescents occurred despite selection for motivated participants, provision of care
supplies, endless study visit time, and weekly contact with medical personnel. In Dr. Gubitosi-King's
assessment, this underscores a need for continuing and maintaining intensive glucose control beyond the
time frame of the DCCT: A decade of good glucose control early in life isn't enough to prevent long-term
complications.

▪ This talk touched on several meeting-wide themes. For one, the physiology and progression
of diabetes is very different in youth vs. adults, and these patient populations have to be treated with
unique strategies. ADA 2018 also offered our first look at RISE Peds results, and neither insulin
glargine nor metformin were effective in preserving beta cell function in youth with prediabetes or
type 2 diabetes. Of course, intensive insulin therapy and metformin have been effective prediabetes
treatments for adults, and the RISE symposium speakers called attention to the distinct
pathophysiology (i.e. extremely rapid decline of the beta cells) of type 2 diabetes in youth. Dr.
Gubitosi-King stressed a parallel distinction between adolescents and adults when it comes to type 1
diabetes. She also argued for continuous, unrelenting glucose control, suggesting that we can't rely
on legacy effect. Dr. Hertzel Gerstein shared similar remarks in discussing the 15-year follow-up on
the VADT, since there was no legacy effect in that study, either (intensive glucose control did not
improve micro or macrovascular outcomes at the 15-year mark).

Symposium: Clinical Updates in Beta Cell Replacement Therapy

Defining Outcomes for Beta Cell Replacement Therapy - A Summary from the
2017 IPITA/EPITA Igls Consensus Workshop

Michael Rickels, MD (University of Pennsylvania, Philadelphia, PA)

Dr. Michael Rickels presented conclusions from the Igls consensus statement on beta cell replacement
therapy. Thought leaders came to this consensus at a workshop hosted by the International Pancreas & Islet
Transplant Association (IPITA) and European Pancreas & Islet Transplantation Association (EPITA).

▪ Beta cell replacement therapy could be considered a treatment for beta cell failure,
regardless of etiology and without requiring undetectable C-peptide, accompanied by glycemic
instability with either problematic hypo or hyperglycemia. Baseline assessment of hypoglycemia
awareness/severity and glycemic variability/lability is helpful for distinguishing marginal from
failed function of a beta cell graft.

▪ Optimal beta cell graft function is defined by A1c ≤6.5% without severe hypoglycemia or
requirement of insulin or other anti-hyperglycemic therapy.

▪ Good beta cell graft function is defined by A1c <7.0% without severe hypoglycemia and with
>50% reduction of insulin requirements and restoration of clinically-significant C-peptide
production (>0.5 ng/ml [0.17 nmol/L]).

Symposium: Transformational Technologies in Islet Biology - From Omics
to Imaging

The Visible Pancreas Project - Islets in Health and Diabetes

Martha Campbell, PhD (University of Florida, Gainesville, FL)

Dr. Martha Campbell offered exciting new data from the Visible Pancreas Project, which is focused on
accelerating advances in human pancreas imaging with the ultimate goal of reproducing the entire human
pancreas in 3D. Dr. Campbell's slides displayed beautiful image data of the human pancreas and she credited
the image quality to recent strides in optical clearing techniques. Previous limitations with standard
histological methods for tissue imaging hampered visualization of the pancreas, but with these recent
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advances, large amounts of the tissue can be seen at once with single cell resolution. Important insights have
already been gained as a result of this innovation, such as the parasympathetic innervation of the pancreas
being much denser than previously reported. Dr. Campbell envisions this new tool will be used to study the
enormous endocrine and exocrine diversity seen in diabetes; she also hopes the Visible Pancreas Project will
add to our understanding of the nervous system-pancreas link and what happens to these connections in
diabetes.

▪ There is incredible diversity in human pancreas anatomy that is currently poorly
understood. Dr. Campbell described how one of the main goals of this project is to better
understand both endocrine diversity (such as variability in normal beta cell mass and variability in
lost beta cell mass in diabetes) and exocrine diversity (such as variabilities in pancreas weight by
age, and age-related changes in fibrosis).

▪ Advances in imaging techniques have allowed for more in-depth exploration of the
link between the nervous system and the pancreas. Dr. Campbell investigated the
sympathetic innervation of human islets in situ and found that no differences existed between
pancreata from type 1 diabetes patients and control samples. She characterized this observed
innervation of the pancreas as "very robust" and "striking."

▪ However, it remains to be seen how effective this technology can be on a broader
scale, as each sample currently takes >two months to prepare, with laborious imaging and analysis
procedures required after that.

Mini-Symposium: The Future of Islet Transplant - Towards a Renewable
Source of Beta Cells

Stem Cells Will be the Future Source of Beta Cells

J. S. Odorico, MD (University of Wisconsin, Madison, WI)

Dr. Jon Odorico outlined the promises and challenges of using stem cells as a source for functional insulin-
producing beta cells. He aimed to convince the room filled with HCPs and scientists that this method
represents an exciting avenue for sustainable diabetes treatment. To justify the need for a sustainable source
of beta cells, Dr. Odorico commented on the huge disparity between the large number of patients waiting for
pancreatic organ transplants and the paucity of available donors. This gap will only continue to diverge, he
stated, and it must be addressed with the advent of new technologies. Dr. Odorico detailed recent successes in
differentiating beta cells from stem cells (both embryonic and induced pluripotent stem cell lines): they
morphologically look similar to native islets, insulin granules are clearly present in these differentiated beta
cells, and glucose uptake mimics physiological processes. However, challenges remain with the development
of beta cells from stem cells. Dr. Odorico highlighted how a major feature still missing is the dynamic release
of insulin in response to glucose. Moreover, significant roadblocks exist in terms of immunogenicity, though
Dr. Odorico did mention several potential solutions to this problem, including encapsulation, genetic
engineering to reduce immune response, and biological coating of graft cells with immune-inhibitory
molecules.

▪ Dr. Odorico also summarized ViaCyte's progress to-date: This company has three products
in the competitive landscape for type 1 "cures," including phase 1/2 PEC-Encap (encapsulated cells),
phase 1/2 PEC-Direct (no encapsulation, requires chronic immunosuppression), and preclinical
PEC-QT (where the islets are derived from genetically engineered stem cells that are immune-
evasive). We first heard about PEC-QT in name at JPM 2018, where ViaCyte CEO Dr. Paul Laikind
described it as the "last generation," or the ultimate solution for a type 1 cure.

▪ We are cautiously optimistic about the progress being made with stem cells as a
source for islets to treat type 1 diabetes, because there's no denying that much more
work remains to be done in getting these systems to market. It's encouraging to see so
much commitment to and enthusiasm for this area of beta cell replacement sources and

www.closeconcerns.com 361

https://www.closeconcerns.com/knowledgebase/r/318dff41
https://www.closeconcerns.com/knowledgebase/r/ed822446
https://www.closeconcerns.com/knowledgebase/r/2bc7f748#ViaCyte:_Unveils_Third-Gen_Cell_Therapy_for_Type_1_Diabetes_Immune-Evasive_PEC-QT_Exclusive_Interview_with_CEO_Dr._Paul_Laikind


encapsulation, despite the technical challenges we've seen, and we eagerly await more clinical trial
data that speaks to the efficacy of these treatments. Interestingly, Lilly and Novo Nordisk both
doubled down on their investment in beta cell replacement therapy for type 1 diabetes, so there is
definitely momentum in this field.

Genetically Engineered Pigs Will Be the Future Source of Beta Cells

David Cooper, MD (University of Alabama, Birmingham, AL)

Dr. David Cooper followed Dr. Odorico and made the case for genetically engineered pigs (rather than stem
cells) as the future source of beta cells. He proclaimed that "we have all the technology" and that these
procedures will become "routine" in the near-future. Dr. Cooper noted that pigs and humans are separated by
more than 80 million years evolutionarily, and that the main challenge with this technology is "outwitting"
this divergent evolution. He described a significant source of excitement in the field that for the first time,
scientists can now engineer the donor pigs using burgeoning genome editing tools. This has led to advances in
removing sugar epitopes that cause immune responses in humans; it also helps protect the pig cell
endothelium from the destructive effects of the complement system by creating transgenic pigs expressing the
human complement regulatory proteins CD55, CD46, and CD59. Immunosuppression of the host also
remains an option yet carries with it the risk of infection to both the individual and the general public.
Looking to the future, Dr. Cooper remarked that for a clinical trial to occur with this technology, three main
requirements must be met: (i) clean islets for donation, (ii) clinically acceptable immunosuppressive regimens
for the recipient, and (iii) consistent graft survival of at least six months, which remains a major problem. He
shared that within the next month, pigs with nine genetic modifications will be made for the first time.

Oral Presentations: From Progression to Management in Type 1 Diabetes -
What Is New?

Alpha-1 Antitrypsin Therapy in Recent-Onset Type 1 Diabetes

Yael Lebenthal, MD (Dana-Dwek Children's Hospital, Tel Aviv, Israel)

Dr. Yael Lebenthal presented full phase 2 data on Kamada's serine protease inhibitor alpha-1 antitrypsin
(AAT), in development to arrest the progression of newly-diagnosed type 1 diabetes. Topline results were
released by the company in November 2017. Given the anti-inflammatory and anti-apoptotic properties of
this serine protease inhibitor, the hope is that AAT could prevent or delay the autoimmune destruction of beta
cells, thereby slowing the progression of type 1 diabetes. Newly-diagnosed type 1s between the ages of 8-25
(n=70) were randomized to either 60 mg/kg AAT, 120 mg/kg AAT, or placebo, administered via 22 IV
infusions over the course of one year. The trial failed to meet its primary endpoint, with a significant
reduction in C-peptide area under the curve (AUC) from baseline, measured by a mixed-meal tolerance test.
While there was significant reduction in C-peptide AUC for the AAT 60 mg/kg and placebo groups, there was
no significant reduction in C-peptide AUC in the specific cohort of participants between the ages of 12-18 with
the 120 mg/kg AAT dose (-0.18 pmol/ml, p-0.20). Additionally, there appeared to be a dose-dependent
relationship between AAT and A1c-lowering: After one year, participants on 120 mg/kg AAT had a mean A1c
of 6.7% vs. 7.8% with 60 mg/kg AAT and 8.2% with placebo. Also in this vein, a higher proportion of
participants who received the higher dose of AAT attained an A1c <7% (75%) vs. lower dose AAT (27%) and
placebo (25%). Overall, AAT was safe and well-tolerated, with the exception of two adverse events involving
allergic reactions. Dr. Lebenthal characterized these results as "inconclusive," positing that further studies
should probe whether AAT could be effective in newly-diagnosed type 1s 12-years and up. This seems
plausible given the subgroup analysis, though it's difficult to imagine a business model for a future drug that's
only effective in such a narrow population. We look forward to learning whether Kamada will continue the
development program for AAT. Dr. Lebenthal alluded that future studies will determine whether the drug has
impact on beta cell preservation.
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ADA Presidents' Select Abstract: Gut Microbiome Dysbiosis and Increased
Intestinal Permeability in Australian Children with Islet Autoimmunity and Type 1
Diabetes (T1D)

Jenny Couper, MD (University of Adelaide, Australia)

A recent Australian study found that children with islet autoimmunity are more likely to progress to type 1
diabetes if they exhibit high intestinal permeability and gut microbiome dysbiosis. Dr. Jenny Couper
presented these findings. She first explained that transformation in gut microbiome profiles is often observed
during changes in pancreatic islet autoimmunity. She hypothesized that dysbiosis of gut microbiomes would
(i) increase intestinal permeability and (ii) increase progression from islet autoimmunity to full-fledged type 1
diabetes. Participants included healthy unrelated or sibling controls (n=41), children with islet autoimmunity
(n=18), and children with recent-onset type 1 (n=29); all were tracked for six months. Stool samples were
collected for 16S rRNA sequencing, blood was sampled for islet antibody assaying, intestinal permeability was
determined through an ingested lactulose/rhamnose solution, and food frequency questionnaires were
administered. Over six months, microbial alpha diversity and beta diversity was far higher in controls
compared to those with islet autoimmunity or type 1 diabetes. Those who progressed from islet autoimmunity
to diabetes also showed lower observed richness and beta diversity when compared to non-progressors with
islet autoimmunity. Intestinal permeability was higher in type 1 children compared to sibling controls and
higher in progressors vs. non-progressors. Finally, Dr. Couper noted that anti-inflammatory bacterial
populations declined particularly in children with type 1 diabetes. She hopes this study will promote deeper
dives into microbiome identification and probiotic development as it pertains to type 1 diabetes.

Oral Presentations: Clinical Progress in Islet Transplantation - Clinical
Science

Initial Clinical Evaluation of VC-01TM Combination Product - A Stem Cell-Derived
Islet Replacement for Type 1 Diabetes (T1D)

Robert Henry, MD (UCSD, San Diego, CA)

Dr. Robert Henry presented results from the first cohort of participants in the ongoing phase 1/2 STEP ONE
study of ViaCyte's VC-01 beta cell encapsulation device, also known as PEC-Encap. PEC-Encap is a cell-
impenetrable macroencapsulation device filled with ViaCyte's proprietary PEC-01 beta cell progenitor cells.
The ongoing 24-month, first-in-human, open-label, dose-escalating STEP ONE study is evaluating PEC-
Encap in participants with type 1 diabetes and minimal insulin-producing beta cell function, as measured by
C-peptide. Importantly, the first set of results includes only the first cohort of participants (n=19), who were
implanted with a sub-therapeutic dose in order to evaluate the safety of the PEC-Encap device and to develop
surgical procedures for implantation. Endpoints included safety and histological assessments intended to
evaluate cell survival, but efficacy was not an endpoint for Cohort 1. Mean diabetes duration among the
participants was 19 years, mean baseline A1c was 7.7%, and mean baseline total daily insulin was 46U.
Participants were implanted with two different sizes of PEC-Encap: (i) VC-01-250, a dose-ranging unit meant
to be implanted for the full two year duration of the study; and (ii) a smaller VC-01-20 "sentinel" unit meant
for removal at earlier time points to reflect and assess the ongoing survival, differentiation, vascularization,
and immune/inflammatory response of the cells in the larger device. Over two years, a series of immune
function tests suggest that the cells within PEC-Encap are indeed protected from both allo- and auto-immune
rejection and that patient sensitization to the implanted cells was not observed. After 12 weeks, several
explants of PEC-Encap demonstrated the presence of insulin-producing beta cells (albeit in low numbers),
indicating that PEC-01 progenitor cells are capable of maturing in type 1 patients as they do in preclinical
models. Notably, Dr. Henry highlighted that cell survival and engraftment was strongest in areas where PEC-
Encap experienced strong host tissue integration and vascularization. After two years, in some patients, the
larger PEC-Encap device was found to contain low levels of mature insulin- and glucagon-producing cells with
no immune response detected. Dr. Henry suggested this two year data demonstrates the long-term viability of
the PEC-Encap product, assuming that the initial engraftment is successful. This is a big "if," as at 12 weeks
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and beyond, many explanted units demonstrated an adverse foreign body response, with the accumulation of
multinucleated foreign body giant cells on the PEC-Encap device and a severe lack of islet cells left within the
device.

▪ Notably, Dr. Henry shared early preclinical data for a second-generation PEC-Encap
device meant to circumvent the foreign body response. ViaCyte first hinted at the lackluster
long-term survival of cells within PEC-Encap and the foreign body response problem at JPM 2017,
when the company announced that it would be de-prioritizing PEC-Encap in favor of a somewhat
less ambitious PEC-Direct product that promotes direct vascularization of the progenitor cells but
requires chronic immunosuppression. Since then, ViaCyte partnered materials science company
W.L. Gore & Associates in March 2017 to develop a second-generation encapsulation device for PEC-
Encap. Using a nude rat "challenge" model that has a foreign body response similar to humans,
ViaCyte has demonstrated a roughly four-to-six-fold increase in human C-peptide concentration
within modified PEC-Encap devices after 16 weeks compared to the original PEC-Encap. These
results are certainly encouraging and we're so pleased by the hard work and investment ViaCyte
continues to commit toward making beta cell encapsulation without immunosuppression a reality
for people with diabetes. ViaCyte's PEC-Encap is the first beta cell encapsulation device to be tested
in humans and the lessons learned from its efforts will be invaluable to an increasingly robust beta
cell encapsulation competitive landscape. While, of course, setbacks are disappointing to patients,
families, and the diabetes field as a whole, we salute ViaCyte for their unwavering vision and
commitment.

▪ Overall, Dr. Henry characterized PEC-Encap as safe and well-tolerated in the first
cohort of human participants, with the majority of adverse events related to surgical
procedures or post-operative care. The most common adverse event was pain (n=32) and most
adverse events were rated mild to moderate in severity. That said, two participants experienced
cellulitis and pneumonia - considered serious adverse events - that were attributed to the short-term
use of immunosuppressive drugs in later implant procedures to improve engraftment.

Questions and Answers

Q: Was there any data showing insulin outside of the device or did you just see tiny amounts of
insulin inside the device?

A: Everywhere that we saw vascularization, there was tissue growth and insulin secretion in the area.

Q: That's not my question. I want to know how much detectable C-peptide was in the
participants' blood after the procedure. How many of the participants had detectable C-
peptide? Yesterday, someone made a statement in a symposium that said that just three out of
the 19 had detectable C-peptide after the procedure.

A: This study was not intended to assess efficacy, it was only designed to measure safety and histological
endpoints.

Dr. Howard Foyt (CMO, ViaCyte, San Diego, CA): The information presented yesterday was inaccurate. None
of the patients had C-peptide because this was a sub-therapeutic dose that was implanted.

Comment: I would encourage you to check for C-peptide, even if it's a sub-therapeutic dose.
Even if the primary endpoint is safety, I would be really surprised if nobody has the curiosity
to check for C-peptide in the blood. I would highly encourage you to look at this.

Q: Can you comment on what happened to the metabolic outcomes during this, like body
weight, A1c, insulin use?

A: There was no consistent change. In type 1 diabetes, insulin therapy changes frequently anyway, but there
were no consistent changes in insulin dose or body weight.
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CGM Shows Islet Transplantation Prevents Hypoglycemia, Correcting Time in
Range and Reducing Glycemic Variability, Despite Subnormal Beta-Cell Function

Shareen Forbes, PhD (University of Edinburgh, Scotland)

Dr. Shareen Forbes presented a small study demonstrating that islet transplantation leads to superior glucose
control and less glycemic variability than insulin pump therapy despite failing to completely restore beta cell
function. She pointed to emerging evidence that high glycemic variability may impact morbidity/mortality
independent of glucose control (an important finding in the beyond-A1c movement). This study aimed to
evaluate the impact of islet transplantation on a number of glycemic parameters measured by CGM, including
mean glucose, glucose variability, and time-in-range. It compared a cohort of transplanted patients (n=39,
n=15 insulin-independent after transplant) to a group of type 1s on insulin pump therapy (n=10) and a control
group without diabetes from the literature (n=28). Average glucose and glycemic variability (coefficient of
variation of glucose) were lower, time-in-range was greater, and time in hypoglycemia was abolished in the
transplant group compared to the pump group. All parameters were also better in the transplant recipients
who achieved insulin independence compared to those who did not. These improvements occurred despite
the fact that the transplant group was older with a longer duration of diabetes compared to the pump group
and had beta cell function (measured by the beta-2 score) that was ~80% that of the control group without
diabetes. We are pleased to see more studies incorporating CGM, as we believe this provides a more complete
picture of the improvements achieved with different therapies.

Questions and Answers

Q: How different was the time in range between the insulin-independent transplant patients
and the controls?

A: The control group was taken from published studies so it was difficult to tease out all those differences. The
average glucose readings were about 15% different.

Q: For the comparison group with type 1 diabetes, could you have used patients on the wait list
for a transplant?

A: It could be done prospectively but it was not done here. This study had CGM data on a different cohort of
people who didn't have severe hypoglycemia or glycemic lability. Their starting point was very different - they
were younger and had a shorter duration of diabetes. Their parameters were still worse than the people who'd
been transplanted.

Long-Term Function of Islet Allografts Transplanted on the Omentum Using a
Biological Scaffold

David Baidal, MD (University of Miami, FL)

Dr. David Baidal presented intriguing results on islet transplantation on the omentum using a biological
scaffold in three participants with type 1 diabetes. The omentum is a peritoneal fold that connects the stomach
to other abdominal organs. Potential advantages of the omentum as a transplant site over intrahepatic
transplants include its large and highly vascularized surface area, its portal system drainage, and the fact that
its easily accessible by minimally invasive surgery. Participants in the trial had type 1 diabetes with at least
one episode of severe hypoglycemia in the 12 months prior to enrollment, hypoglycemia unawareness, and no
detectable C-peptide. Participants were placed on a complex immunosuppressive regimen consisting of
pegylated G-CSF, ATG, adalimumab, tacrolimus, and mycophenolate. The participants were also given high-
dose omega 3 fatty acids and weekly exenatide. Islets with autologous plasma were then layered onto the
omentum. Recombinant human thrombin was layered on top of the islets to generate a biologic scaffold, and
the omentum was folded over the islets/scaffold. Finally, the omental fold was sealed with additional
thrombin. Dr. Baidal presented data demonstrating that D-dimer levels stabilized 14-21 days after the
procedure, suggesting that it takes about two-three weeks for the biological scaffold to reabsorb and for the
islets to be implanted on the omentum. Two years after transplantation of the first participant, her A1c was
maintained below 6% and was most recently 5.3%. Throughout this time, the participant was insulin-
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independent for the first 15 months. This was despite a decline in her C-peptide level after an initial rise in the
first six months, which Dr. Baidal attributed to an immunosuppressant switch from tacrolimus to sirilimus
due to alopecia. Even more impressively, the participant's latest CGM data showed her time-in-range at 80%;
she was spending almost no time in hypoglycemia (0.3%). The second participant developed an allergy to the
immunosuppressant ATG and thus had poorer post-transplant response, with a minimal increase in C-
peptide and persistence of her severe hypoglycemia. The third participant had an unrelated IUD complication
that may have generated an inflammatory response that impacted the results of her islet transplantation, but
she demonstrated similarly strong glucose control to the first participant. According to Dr. Baidal, the
experience with these three participants has established the feasibility and safety of omentum islet transplant,
though the results were complicated by different adverse events in each of these participants (and although
this was a very small sample size in the grand scheme). Suffice it to say, our interest is piqued, though we're
always cautious in our optimism when it comes to type 1 "cures," and we're especially cautious with such an
early-stage, small trial. We'll be curious to see if the various beta cell encapsulation strategies in development
might consider the omentum as an implantation site in the future. Above all, we hope to learn much more
about the omentum as a transplant site moving forward.

Clinical Islet Transplantation Outcomes Are Comparable in Obese Type 1 Diabetes
Recipients

Anna Lam, MD (University of Alberta, Canada)

Alberta's Dr. Anna Lam highlighted similar islet mass requirements, early graft function, and graft survival
post-islet transplantation in patients with a BMI >30 kg/m compared to those with a BMI <30 kg/m . She22

explained that some islet transplantation programs have weight-based eligibility criteria excluding patients
with a BMI >30 kg/m despite a lack of evidence that higher BMI means worse outcomes. Given the growing2

population of patients with both type 1 diabetes and obesity, she argued that it is important to reconsider
these policies to ensure they are not unnecessarily limiting access to treatment. Dr. Lam's group conducted a
retrospective study of islet transplantations at the University of Alberta from 1999-2017 with the goal of
describing the influence of recipient obesity on transplant outcomes. Patients were stratified into BMI <30
kg/m (n=237) or BMI ≥30 kg/m (n=24) - note that the latter group was a much smaller sample, and it's22

possible that people with higher BMI were discouraged from the transplant procedure (or felt stigmatized).
Results showed no significant difference between the groups in any of the outcomes measured, including graft
function at one month (based on beta-2 score and insulin requirements) and graft survival at five years (based
on C-peptide and insulin independence), suggesting that BMI alone is not a predictor of differences in
outcomes. Dr. Lam noted that the patients in the higher BMI group had relatively mild obesity (80% had class
I obesity and the remainder had class II), so it is unclear whether people with more severe obesity would also
have equally positive outcomes. Dr. Lam framed these results as food for thought for islet transplantation
programs and encouraged them to reconsider policies that automatically turn patients away based on obesity.
We certainly agree with this push, because we do see rising prevalence of comorbid type 1 diabetes/obesity as
obesity prevalence climbs in general, and we'd love for patients to have maximum access to different
treatment options.

Questions and Answers

Q: Did you also look at the results in the obese group [which only included patients who
received transplants from 2003 on] compared to people in the control group who received
transplants after 2003?

A: Yes, the results look the same.

Q: Did you look at weight loss following transplantation? People tend to lose weight because
they don't have to take insulin and ingest carbs to treat hypoglycemia. Did you see that in the
obese group?
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A: We haven't looked at that specifically. We know that patients typically lose weight after transplantation as
you said, but we haven't looked at the obese patients and their weight over time. We will need to do that and
adjust for that.

Enhanced Recipient Cardiovascular Health Pre-Transplant Predicts Better
Clinical Outcomes following Islet Cell Transplant for Type 1 Diabetes

Kirstie Danielson, PhD (University of Illinois, Chicago, IL)

Dr. Kirstie Danielson shared data suggesting that more favorable baseline markers of CV health may predict
better long-term outcomes of islet transplantation. This study evaluated 28 patients with type 1 diabetes who
received a first islet transplant at the University of Illinois-Chicago between 2004 and 2015; none had active
CV disease at baseline. The researchers measured CV risk factors including lipids, inflammatory/vascular
biomarkers, blood pressure, pulse, CBC, and CMP at baseline and conducted a multivariate analysis of the
impact of those factors on outcomes. The analysis adjusted for factors such as demographics, smoking history,
insulin sensitivity, islet autoantibodies, immunosuppressants, other medications, and donor/transplant
characteristics known to impact transplant outcomes. Results showed that multiple baseline characteristics,
including lower hemoglobin, lower WBC count, lower ICAM-1, higher HDL, and higher bilirubin were
independently associated with more favorable transplant outcomes such as higher fasting C-peptide/glucose
ratio and higher stimulated C-peptide and insulin (not all characteristics were associated with all outcomes
measured). Dr. Danielson suggested that if these data are validated, the next step should be to conduct clinical
trials of strategies to improve CV health prior to islet transplantation, with the goal of developing standard
pre-transplant clinical management strategies to improve outcomes.

Questions and Answers

Q: Did you stratify the results by smoking status or look for effect modification?

A: We adjusted for it as a covariant but didn't stratify for effect modification. If anything, you would think it
would mitigate the effect; we're still seeing an effect after adjusting for smoking.

Q: This was clearly a lean, insulin-sensitive group [mean BMI was 23 kg/m ]. I wonder2

whether the C-peptide/glucose ratio was a reflection of a more insulin-sensitive group.

A: Unfortunately we only have HOMA-IR for insulin sensitivity, which you can't measure pre-transplant and
is hard to measure after. So we didn't have data on insulin sensitivity, which was one of the limitations.

Q: Have you looked at another cohort for validation?

A: We haven't yet. We would love to with funding. There have been some trends in other data where higher
HDL and lower BP predict better outcomes. So we do see some similarities. I would love to collaborate with
someone.

Oral Presentations: New Insights into the Immunology of Human Type 1
Diabetes

Metabolic Markers Associated with Increased Risk for Progression from Single to
Multiple Autoantibodies in Type 1 Diabetes Relatives

Emanuele Bosi, MD (San Raffaele University Hospital, Milan, Italy)

Dr. Emanuele Bosi presented data showing that in the early phases of type 1 diabetes, there are already
markers of beta cell dysfunction associated with increased risk of progression to multiple autoantibodies. Dr.
Bosi began by reviewing the disease progression of type 1 diabetes, noting that there are few data on the
ongoing pathogenesis during single autoantibody positivity (SA+). The present study thus aimed to look for
evidence of metabolic abnormalities at this stage and to determine whether there are metabolic predictors of
progression from single to multiple autoantibody positivity (MA+). The cohort was made up of SA+ (GADA,
IAA, or IA-2A) participants from the TrialNet Pathway to Prevention Study (n=2,265, median age 14.8 years),
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with 407 participants progressing to multiple positive autoantibodies during the course of follow-up. Dr. Bosi
shared that the measures evaluated during an oral glucose tolerance test included: mean area under the curve
(AUC) for C-peptide, glucose, and insulin; fasting glucose and C-peptide; early insulin and C-peptide
responses (0-30 minutes); peak C-peptide; glucose and C-peptide sums (30-120 minutes) and Index60
(incorporating fasting C-peptide, 1-hour glucose, and 1-hour C-peptide). He reported that higher mean AUC
glucose (HR=2.4, p=0.004) as well as Index60 (for both continuous [HR=1.17, p=0.004] and dichotomized
[≥1 vs. <1, HR=2.28, p<0.0001]) significantly increased risk of progression to MA+. Reduced early C-peptide
response was also significantly predictive (HR=0.94, p=0.007). Further, Dr. Bosi highlighted that no
significant pairwise interaction was detected with any specific antibody type, and that the study's analyses for
optimal cutoffs identified the age of eight years to be the cutoff for antibody positivity determination. These
findings provide insights into the very early phases of type 1 diabetes, which we see as an exciting starting
point for a more in-depth approach to patient identification and interventions in the future. Moreover, it was
encouraging to see positive results on a type 1 pathogenesis study at this meeting, since TEDDY made
headlines at ADA 2018 by reporting resoundingly neutral results (i.e. few environmental triggers that seem to
significantly predict type 1 diabetes).

Oral Presentations: DiRECT Links between Hepatic Metabolism, Glucagon
Action, and Glucose Turnover

Effects of Hyperglycemia and Hyperinsulinemia on Glucose Turnover during
Exercise in Type 1 Diabetes

Ananda Basu, MD (University of Virginia, Charlottesville, VA)

Dr. Ananda Basu presented this small study (n=6) designed to evaluate how hyperglycemia and
hyperinsulinemia impact glucose turnover during exercise (65% VO max) in type 1 diabetes. Type 1s2
exercised in three separate conditions: (i) euglycemia and low insulin; (ii) euglycemia and high insulin; and
(iii) hyperglycemia and low insulin. Dr. Basu found that endogenous glucose production increased the most
when participants exercised under conditions of euglycemia and high insulin (or hyperinsulinemia). All
patients were on insulin pumps, which were off during the study, and exercised on stationary bikes.
Interestingly, plasma insulin levels increased during exercise (possibly due to subcutaneous insulin depots)
despite all participants receiving constant insulin and all pumps being turned off. Furthermore, glucose
disappearance was increased from baseline in all three conditions but took the longest to return to baseline
under conditions of hyperinsulinemia. These results suggest that hyperinsulinemia, but not hyperglycemia,
inhibits exercise-induced compensatory increase in endogenous glucose production. As Dr. Basu put it, this is
evidence that low insulin levels, coupled with euglycemia or mild hyperglycemia, might be best for a type 1
patient during exercise.

Questions and Answers

Q: Since this study was done with low-fitness participants, have you considered repeating the
study with participants with higher levels physical activity, who may have more sensitivity to
insulin?

A: Yes, that planned study was reviewed by the IRB today.

Q: What happened to the levels of lactate during the study?

A: Lactate levels were elevated in all three study conditions.
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Diabetes Complications

Oral Presentations: What Is New in Diabetic Kidney Disease? (With State-
of-the-Art Lecture and ADA Presidents' Select Abstract)

State-of-the-Art Lecture: The NIDDK's Kidney Precision Medicine Project - What
It Means for Diabetic Kidney Disease

Robert Star, MD (NIDDK, Bethesda, MD)

In Dr. Robert Star's vision of the future, HCPs treating diabetic kidney disease (DKD) will select precise,
targeted therapies for their patients based on data in the NIDDK's Kidney Tissue Atlas. The NIDDK recently
embarked on the Kidney Precision Medicine Project, a 10- to 15-year endeavor to construct an atlas based on
kidney biopsies from patients with acute kidney injury and CKD. The ultimate goal is to use this data to
stratify patients into subgroups, discover specific disease pathways, and devise individualized treatments for
renal conditions. To be sure, DKD is an area of high unmet need today (no new indications have been
approved since irbesartan and losartan in 2000 - nearly two decades ago), and many drug candidates have
only shown efficacy in a subgroup of patients (rather than anyone with the disease). Dr. Hiddo Heerspink
spoke to this challenge on the last day of ADA 2018, describing how DKD medications have responders and
non-responders. The Kidney Precision Medicine Project could help identify, early on, patients who will be
responders vs. non-responders - that's a tremendously exciting notion. Dr. Star explained that a crucial first
step is changing the culture so that kidney biopsies are done routinely for research purposes. The data
collected from these biopsies will be used to create a multimedia atlas that lays out the tissue architecture,
cellular structures, metabolic pathways, and cell-to-cell interactions in the kidney. This atlas could be used by
patients and clinicians to better understand a diagnosis of kidney disease and what treatments are most likely
to work; it could also be used by researchers trying to hone in on new drug targets. There are currently 20
patients and 100 scientists involved in this project, which is actively recruiting more participants. We were
impressed by the focus on involving patients in the planning process - they are involved in all the meetings
and phone calls and are leading the process of obtaining informed consent for more kidney biopsies.

Questions and Answers

Q: How many patients do you plan to enroll?

A: We plan to get 200 patients to start in phase 1 and up to 1,000 for phase 2. Then we'll have a better idea of
how many we actually need.

Q: Do you plan to collect fluid samples?

A: Yes, we'll collect all fluids and look for secreted proteins. We would like to do more imaging studies than we
have the money to do.

Q: A biopsy takes 10-15 glomeruli. The kidney has one million. Will there be imaging or
longitudinal follow-up? How can you extrapolate from so few glomeruli?

A: Yes, this will be a longitudinal cohort study. We need that long-term follow-up. We ideally want to sample
from better parts and worse parts of the kidney. Before that, we will be getting a range of cells for single-cell
analysis. That may alleviate some of the sampling problem. We've also built into the program an ancillary
program to bring in other people. Over time we will set up other studies.

Q: Is outreach and educating patients a component of this?

A: The whole point is to find subgroups. We have to get the technology working before expanding it widely.
Then we would like to expand to lots of populations. We want patients to be ambassadors to help do that.
Patients in this project love it and will do that.

Q: You're still looking at the kidney in isolation from other organs. Will you be collaborating
with precision medicine for other systems?
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A: I'd love to, money permitting. What kills you in kidney disease is the heart, so yes.

ADA Presidents' Select Abstract: Proteomic Profile of Circulating Inflammatory
Proteins Associated with 10-Year Risk of ESRD in T1 and T2 Diabetes -
Enrichment for TNF Receptor Superfamily Members

Monika Niewczas, MD (Joslin Diabetes Center, Boston, MA)

Joslin's Dr. Monika Niewczas presented data to show that expression of proteins in the TNF receptor
superfamily is correlated with a higher risk of end-stage renal disease (ESRD) in patients with DKD. While
previous research has suggested a link between TNFR1 and ESRD, this study aimed to comprehensively
evaluate all inflammatory proteins that might be associated with 10-year ESRD risk. The study included a
discovery panel of patients with type 1 diabetes and a validation panel of patients with type 2 diabetes, all of
whom had albuminuria at baseline. The groups were followed for 10 years and the development of ESRD was
the primary endpoint. Proteomic profiling identified 17 proteins that were significantly associated with
developing ESRD in both groups - Dr. Niewczas referred to this set of proteins as the kidney risk
inflammatory signature (KRIS). The KRIS included six members of the TNFR superfamily, including both
TNFR1 and other proteins that had not previously been reported in this context. Interestingly, there was
remarkable concordance between the two groups, suggesting that these inflammatory biomarkers are
independent of the etiology of diabetes. Further analysis showed that the TNFRs were highly enriched in the
KRIS compared to the overall platform and that they remained associated with ESRD after adjustment for
age, gender, A1c, albumin/creatinine ratio, and eGFR. A multivariate model that analyzed correlations
between the 17 proteins found that TNFR1 accounted for 23% of the effect, with other members of the TNFR
superfamily also high in the rankings. Based on urinary proteomics and kidney RNA sequencing, the kidney
does not appear to be the source of this inflammatory signature, suggesting a need to focus more on systemic
biomarkers of risk and to look for extra-renal sources.

Questions and Answers

Q: Did you construct a signature for people who don't progress?

A: That's a very interesting question. Protective factors are very important. The volcano plot may partly
explain it. We see a number of risk factors and a very weak signal for protective factors with this data. Maybe a
different portfolio would show more but our data don't show much. All the proteins that were significant were
risk factors.

Q: How specific is this to diabetic kidney disease? Might it be common to other kidney diseases
that progress?

A: We don't know. This data is only in diabetic kidney disease. When you look at publications from other
groups about TNFR1, an Australian group showed that the TNFR1 effect was only seen in diabetes but a
Swedish group suggested TNFR1 was also a valid predictor for non-diabetic kidney disease. We don't have the
final answer. It is valid for type 1 and type 2 diabetes.

Oral Presentations: Updates from Type 2 Diabetes Trials

Efficacy and Safety of Evolocumab in Patients with Type 2 Diabetes Mellitus and
Hypercholesterolemia or Mixed Dyslipidemia: Primary Results of the BANTING
Study

Robert Rosenson, MD (Mount Sinai Icahn School of Medicine, New York, NY)

Dr. Robert Rosenson presented primary results from the BANTING study, in which Amgen's PCSK9 inhibitor
Repatha (evolocumab) substantially lowered LDL and increased LDL goal attainment in patients with type 2
diabetes + hypercholesterolemia or mixed dyslipidemia. The trial (n=421) randomized participants with type
2 diabetes on a maximally-tolerated dose of moderate-to-high-intensity statins in a 2:1 fashion to evolocumab
or placebo. To be eligible for the study, patients without a known history of CV disease had to have a baseline
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LDL ³100 mg/dl or non-HDL ³130 mg/dl; patients with a known history of CV disease had to have a baseline
LDL ³70 mg/dl or a non-HDL ³100 mg/dl. At baseline, mean LDL level was 109 mg/dl in the evolocumab arm
and 110 mg/dl in the placebo arm. Co-primary endpoints were (i) mean percent change in LDL from baseline
to week 12 and (ii) mean percent change in LDL from baseline to the mean of weeks 10 and 12. At 12 weeks,
those in the evolocumab arm experienced a mean placebo-adjusted LDL reduction of 53% (p<0.0001). The
mean LDL of weeks 10 and 12 reflected a 64% placebo-adjusted decrease from baseline (p<0.0001).
Impressively, 85% of participants in the evolocumab group achieved LDL <70 mg/dl at 12 weeks and 66%
achieved an LDL drop of 50% or greater from baseline, compared to 15% and 1%, respectively, in the placebo
group. Non-HDL cholesterol fell 47% at 12 weeks in the evolocumab arm, compared to a 0.6% increase in the
placebo arm (p<0.0001). ApoB and Lp(a) fell 40% and 25%, respectively, at 12 weeks with evolocumab
treatment, compared to a 1.8% and 7.4% rise, respectively, with placebo (p<0.0001 for both comparisons).
Triglycerides fell 9% in the evolocumab arm, compared to a 5% rise in the placebo arm (p<0.0001). HDL rose
6% on average among evolocumab-treated participants at 12 weeks, compared to a 1.4% fall in the placebo
group (p<0.0001). Encouragingly, evolocumab did not appear to negatively impact glucose control, with both
treatment groups experiencing a 0.1% increase in A1c at 12 weeks (baseline A1c 7.2%). All in all, the BANTING
results provide promising further evidence that PCSK9 inhibitors like evolocumab have a substantial
beneficial effect on lipid parameters without negatively impacting glucose control. This data is certainly
reassuring to clinicians who are looking to PCSK9 inhibitors as a potential additional tool to address the high
residual CV risk in people with diabetes.

▪ The BANTING study also included several exploratory analyses related to lipids,
glucose metabolism, and inflammatory biomarkers after a mixed-meal tolerance test.
Two-hour area under the curve (AUC) for LDL, non-HDL cholesterol, triglycerides, chylomicron
triglycerides, chylomicron cholesterol, and ApoB48 were all significantly reduced and HDL was
significantly increased with evolocumab treatment (p<0.05 vs. placebo). Two- and three-hour AUC
were not significantly different between the evolocumab and placebo groups for plasma glucose,
insulin, pro-insulin, C-peptide, glucagon, free fatty acids, IL-6, or adiponectin.

▪ Overall adverse event rate between the two groups was fairly balanced, though a
higher frequency of hypertension and chronic obstructive pulmonary disease (COPD)
was observed in the evolocumab group. Dr. Rosenson noted that COPD prevalence was
imbalanced between the two groups at baseline (see our transcript of Q&A below). Further, he noted
that the increase in hypertension and COPD was not replicated in the large, long-term FOURIER
outcomes trial, and he expressed little to no concern about these BANTING findings in general.

Questions and Answers

Q: The glycemic parameters are reassuring. How do you see this changing practice in terms of
when we should be using PCSK9 inhibitors for primary prevention?

A: For primary prevention, we know that lowering LCL is very effective. Not everyone can tolerate statins, but
even in this study with lots of statin use, there was an additional reduction of LDL with the PCSK9 inhibitor.
So, I think there's a role for these in our high-risk patients with type 2 diabetes, though we don't have the
evidence to support that, unlike the FOURIER trial.

Q: Do you think the COPD is a signal or a random result?

A: I think it's a random result. There was a difference in the number of people who had COPD in the group
that was randomized to placebo vs. evolocumab.
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Oral Presentations: Emerging Targets for Diabetes Treatment

MEDI0382, a GLP/Glucagon Receptor Dual Agonist, Significantly Reduces
Hepatic Fat Content in Subjects with Type 2 Diabetes Mellitus

Meena Jain, MD (MedImmune, Cambridge, UK)

Dr. Meena Jain of MedImmune, AZ's global biologics unit, presented a sub-analysis of a phase 2a study for
GLP/glucagon dual agonist MEDI0382. She highlighted significant reductions in hepatic fat with the GLP-1/
glucagon candidate vs. placebo, as well as meaningful decreases in subcutaneous adipose tissue (SAT),
visceral adipose tissue (VAT), and pancreatic fat. In the 41-day trial (n=51), patients with type 2 diabetes were
randomized to MEDI0382 200 mg (n=25) or placebo (n=26) with the primary endpoints being change from
baseline body weight and glucose area under the curve (AUC) in the four hours post-mixed meal tolerance
test. Participants were 18-65 years-old, on metformin, and had BMI between 27-40 kg/m (indicating2

overweight/obesity). A subset of these patients (n=38, including 17 on the study drug and 21 on placebo)
received MRI scans at the beginning and end of the study which were used to quantify hepatic fat, SAT, VAT,
and pancreatic fat. Within this cohort, MEDI0382 gave a 6% reduction in hepatic fat vs. 3% with placebo
(p=0.017). The MEDI0382 group did have a lower percentage of hepatic fat at baseline (16%) compared to the
placebo group (18%), though it's unclear how this may have affected results; if anything, we imagine a lower
starting point would make it more challenging for the GLP-1/glucagon dual agonist to show significant
hepatic fat reduction vs. placebo. SAT dropped by a significantly greater margin with the study drug vs.
placebo (-0.4 L vs. -0.2 L, p=0.008), as did pancreatic fat (-1.8% vs. -0.06%, p<0.05). MEDI0382 also offered
greater decline in VAT, though this just missed the threshold for statistical significance vs. placebo (-0.4 L vs.
-0.1 L, p=0.057). Based on these results, Dr. Jain emphasized the potential for this dual peptide therapy to be
used in the treatment of NAFLD/NASH. To be sure, this is an area of high unmet need, and NAFLD/NASH
are frequently comorbid with type 2 diabetes and/or obesity. FDA hasn't approved any therapies to-date for
NASH, though the competitive landscape is robust. We're pleased to note AZ's commitment to this diabetes-
adjacent indication.

Fourteen-Day Study of Praliciguat, a Soluble Guanylate Cyclase Stimulator, in
Patients with Diabetes and Hypertension

John Hanrahan, MD (Ironwood, Cambridge, MA)

Dr. John Hanrahan shared an update on Ironwood's praliciguat, a guanylate cyclase stimulator (sGC) in phase
2 for diabetic nephropathy. By stimulating guanylate cyclase, praliciguat upregulates nitric oxide signaling,
which is typically low in people with diabetes and is associated with reduced vasoconstriction, more
inflammation, and more fibrosis - it's no coincidence that these are all causes of diabetic nephropathy. To our
knowledge, Ironwood's candidate is the only sGC in development for diabetic nephropathy; click here for our
competitive landscape. Dr. Hanrahan focused on a small (n=26), short (14 days) trial designed to evaluate the
safety/tolerability of praliciguat in patients with diabetes and hypertension (though he also spent a fair
amount of time reviewing proof-of-concept data for the molecule's CV, metabolic, and endothelial effects).
Participants were randomized to placebo (n=6), 40 mg once-daily praliciguat (n=10), or 20 mg twice-daily
praliciguat for one week followed by once-daily 40 mg praliciguat during the second week (n=10). According
to topline results released in December 2017, only one adverse event (nausea) was more common in the
praliciguat arms (25%) compared to the placebo arm (0%), although low sample size might make these results
look more significant than they are. Overall, the drug was well-tolerated, though one serious adverse event
(gastrointestinal hemorrhage) occurred in a patient with erosive esophagitis taking praliciguat. Newly
presented during this talk were efficacy results demonstrating reduction in HOMA-IR (LS mean difference of
-23%, 95% CI: -56%, -9%) and ApoB (LS Mean Difference of -119 mg/ml, 95% CI: -295 mg/ml, -57 mg/ml).
These results add to topline efficacy results which included a significant decrease in fasting plasma glucose for
those not on background insulin therapy (LS mean decrease -19 mg/dl, 95% CI: -37 mg/dl, -2 mg/dl) as well
as statistically significant improvements in blood pressure, total and LDL cholesterol, and triglycerides. Given
the short study duration and small sample size, we're limited in what we can discern from these results and
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how optimistic we might feel, but without a doubt we're intrigued to see what this class has in store. Diabetic
nephropathy is an area of serious unmet need, and it's so important that pharma continues to invest in better
treatments for diabetes complications. The competitive landscape for DKD is currently dominated by SGLT-2
inhibitors and MR agonists, but it's exciting to have a therapy with a novel, upstream mechanism joining the
fray. It's interesting that Ironwood is also developing praliciguat toward a HFpEF indication (heart failure
with preserved ejection fraction), which is also rising to the forefront as an area of unmet need within the
realm of diabetes/obesity.

Oral Presentations: What's New in Diabetic Neuropathy? Equal Parts
Clinical and Basic Science

Contemporary Prevalence of Diabetic Neuropathy in Type 1 Diabetes (T1D) -
Findings from the T1D Exchange

Kara Mizokami-Stout, MD (University of Michigan, Ann Arbor, MI)

Michigan's Dr. Kara Mizokami-Stout presented epidemiological data to suggest that diabetic neuropathy rate
has meaningfully declined among type 1s. Diabetic peripheral neuropathy measured by the Michigan
Neuropathy Screening Instrument (MNSI) yielded a national prevalence of ~11%, significantly lower than
previous estimates. Dr. Mizokami-Stout offered some background on peripheral neuropathy, describing it as a
common, progressive complication of type 1 diabetes where distal to proximal damage of nerves results in
physical disabilities, possible pain, and lower quality of life. According to prior analyses using the DCCT/EDIC
cohorts, neuropathy prevalence in the type 1 population was as high as 35%. The present study looked at data
from 22,000 patients in the T1D Exchange Registry, using MNSI to assess neuropathy (adults with diabetes
duration of at least five years were defined to have diabetic peripheral neuropathy if they scored 4 or higher
on this 15-item questionnaire). Dr. Mizokami-Stout found an ~11% neuropathy prevalence and she explained
that risk was higher in the elderly, in those with a longer disease duration, and in females. She added that
mean BMI was higher in patients with neuropathy vs. those without (29 vs. 27 kg/m ). People with the2

complication were also more likely to be smokers (8% vs. 4%) and to have established CV disease (25% vs.
6%) - with this last point, we were reminded of the important overlap between micro and macrovascular
complications of diabetes. Individuals with peripheral neuropathy were significantly more likely to have
experienced at least one episode of severe DKA in the past year (7% vs. 3%, p<0.001) and to have experienced
severe hypoglycemia in the past year (14% vs. 7%, p<0.001). Last, Dr. Mizokami-Stout hinted at possible
associations between neuropathy and systolic blood pressure, triglycerides, tobacco use, household income,
and education level.

Questions and Answers

Q: Why does neuropathy prevalence seem so low in the T1D Exchange Registry analysis?

A: This may be a consequence of our screening instrument sensitivity. In the DCCT studies, broader and more
diverse measures of neuropathy were implemented (e.g. electrophysiological studies). Our sensitivity of >4
has proven valid, but we still may miss participants. In the future, we hope to pursue more longitudinal
studies that extend beyond the single A1c data point used in this study.

Q: Could higher body weight in adolescent females contribute to the higher rates of
neuropathy?

A: We were surprised by the significant difference in prevalence between females and males. The study used
only adults, so we cannot hypothesize on the effect of adolescent female weight.

Q: Were there differences in neuropathy prevalence between ethnic minorities?

A: This cohort consisted of 80% non-Hispanic white individuals, so it was limited by a small number of
minority individuals.
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Effect of Sacubitril/Valsartan vs. Valsartan on Vascular and Neural Complications
in Type 2 Diabetic Rats

Mark Yorek, PhD (University of Iowa, Iowa City, IA)

Dr. Mark Yorek discussed the effects of Novartis' Entresto (sacubitril/valsartan) vs. valsartan alone on
diabetic neuropathy. Rats with type 2 diabetes were given Entresto (which is approved for heart failure) or
valsartan (an angiotensin receptor blocker) for 12 weeks, and Dr. Yorek's study also differentiated between
early (four weeks after onset of hyperglycemia) and late intervention (16 weeks after onset of hyperglycemia).
When administered early, the combination approach significantly reduced the advancement of neural
complications stemming from diabetes; vascular and neural function were superior in the Entresto arm vs.
the valsartan monotherapy arm. When given as late intervention, Entresto meaningfully slowed the
progression of neural deficits compared to valsartan alone, and Dr. Yorek attributed this, most plausibly, to
the combination's ability to decrease oxidative strain and guard neuro-active peptides. As far as we're aware,
Novartis has no public plans to develop Entresto for diabetes or for a diabetes complication. To be sure,
neuropathy remains an area of unmet need. At Endo Fellows this year, Dr. Janet McGill highlighted the lack
of disease-modifying therapies for diabetic neuropathy; in other words, sometimes a drug can ease symptoms,
but nothing in our current treatment toolkit addresses the underlying neuropathy itself. Could Entresto hold
promise here? It's far too early to tell, given that Dr. Yorek's presentation was comprised of preclinical data,
but it's an intriguing possibility. We'd also note that in phase 3 clinical trials (PARADIGM-HF), Entresto
lowered A1c, improved HDL cholesterol, reduced risk for new initiation of insulin therapy, and preserved
kidney function in participants with baseline diabetes. So yes, we're watching this drug closely to see how its
diabetes story may evolve.

Oral Presentations: Diabetes Complications and Risk Factors

Adiposity and Cardiovascular Markers in Offspring of Women with Diabetes
during Pregnancy - The EPOCH Study

Christine Hockett, PhD (Colorado School of Public Health, Denver, CO)

Dr. Christine Hockett presented results from the Exploring Perinatal Outcomes in Children (EPOCH) study.
EPOCH found that exposure to maternal diabetes in utero leads to persistent effects on adiposity and CV risk
factors in youth and throughout adolescence. Of the entire study cohort (n=381), 313 youth were exposed to
maternal diabetes while 68 were not exposed, and the former cohort saw significantly higher BMI (p<0.02),
visceral adipose tissue (p<0.002), subcutaneous adipose tissue (p<0.003), diastolic blood pressure (p<0.02),
and systolic blood pressure (p<0.02). Participants were evaluated at two research visits, one at a mean age of
10.4 years and the second at 16.6 years. For most outcomes, effects were similar at both visits, suggesting that
maternal diabetes continues to impact children's health long after birth.

Symposium: Management of Patients with Progressing Diabetic Kidney
Disease (DKD)

Pathophysiology of DKD and Glycemic Goals in Patient with Low Glomerular
Filtration Rate

Bernard Zinman, MD (University of Toronto, Canada)

Dr. Bernard Zinman discussed the challenges and controversies surrounding the assessment of glucose
control and determination of appropriate A1c targets in patients with severe diabetic kidney disease (DKD).
He highlighted how determining A1c or glucose control in general can be particularly challenging in people
with advanced DKD. For example, iron and erythropoietin supplements are frequently given to patients with
chronic kidney disease (CKD), but both of these are known to artificially decrease A1c by about 1%. He also
touched on attempts to use glycated albumin to assess glycemic control, but noted that the accuracy of this
approach decreases with increasing proteinuria, which is a hallmark of worsening DKD. Instead, Dr. Zinman
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advocated for direct measurement of glucose to assess glycemic exposure in the "new era" of CGM advances.
He especially advocated for CGMs that employ the Ambulatory Glucose Profile (AGP) to make therapeutic
decisions for patients with DKD. Regarding appropriate targets for patients with DKD, Dr. Zinman
acknowledged the wealth of observational evidence that seems to suggest that both too-low and too-high A1cs
are associated with increased mortality in patients with DKD - an A1c of ~7% appears to be the sweet spot for
these patients. That said, he emphasized that this evidence is derived only from epidemiologic studies and a
randomized controlled trial would be needed to definitively determine the impact of lower A1c targets on
renal outcomes in patients with DKD. Further, he underscored that tighter glucose control has been known to
have a positive impact on quality of life, retinopathy, and neuropathy. As a result, he advocated for a "practical
approach" with a "reasonable goal" of achieving the best possible A1c without increased risk of hypoglycemia.
Finally, setting the stage of Dr. Mark Molitch's (Northwestern Feinberg School of Medicine, Chicago, IL)
subsequent talk, Dr. Zinman hinted that, in addition to the specific A1c target, it may be as important to
consider the specific hyperglycemic agent being used to achieve that target.

How and When to Modify Diabetes Medications as Glomerular Filtration Rate
Declines

Mark Molitch, MD (Northwestern University Feinberg School of Medicine, Chicago, IL)

Dr. Mark Molitch summarized recommendations for modifying common diabetes medications for patients
with reduced kidney function, noting that progressive decreases in eGFR leads to decreases in clearance of
insulin as well as oral medications and their metabolites, which can lead to hypoglycemia and other
complications. Dr. Molitch systematically reviewed the several classes of diabetes medications and provided
advice for how to adjust their dosage in patients with different eGFR. For patients with an eGFR <60 ml/min/
1.73m , Dr. Molitch recommended reducing doses of SGLT-2 inhibitor canagliflozin (J&J's Invokana) and2

stopping dapagliflozin (AZ's Farxiga). Importantly, DERIVE results presented at ENDO 2018 support
Farxiga's safety/efficacy in type 2 diabetes patients down to an eGFR of 45 ml/min/1.73m ; AZ has yet to2

request a label changes for its SGLT-2 product, but we do hope this is coming and that a broader range of
patients are then able to benefit from dapagliflozin therapy. Moreover, Dr. Molitch explained that
sulfonylurea use should be restricted to glipizide in people with diabetes/DKD, as glyburide and glimepiride
show increased risk of hypoglycemia. For patients with an eGFR <45 ml/min/1.73m , Dr. Molitch advised2

reducing doses of insulin, metformin, and DPP-4 inhibitors sitagliptin (Merck's Januvia), saxagliptin (AZ's
Onglyza), and alogliptin (Takeda's Nesina); he also advised stopping altogether acarbose, nateglinide,
canagliflozin, and SGLT-2 empagliflozin (Lilly/BI's Jardiance). It's notable that Lilly/BI's DPP-4 Tradjenta
(linagliptin) was not on this list, and indeed we've heard several thought leaders tout that this product doesn't
need to be dose-adjusted with falling eGFR. Forthcoming results from CARMELINA and CAROLINA will
shed more light on renal outcomes with Tradjenta. For patients with eGFR <30 ml/min/1.73m , Dr. Molitch2

recommended that metformin be stopped, along with GLP-1 agonist exenatide; doses of sitagliptin,
saxagliptin, and alogliptin should be even further reduced. With regard to metformin, Dr. Molitch cited
studies showing that its use at lower eGFR has been linked to cases of lactic acidosis. He also pointed to the
attenuated glucose-lowering efficacy of SGLT-2 inhibitors at lower eGFR. In one pooled analysis of 24-week
phase 3 studies, margin of A1c decline decreased from 0.84% for patients with eGFR >90 ml/min/1.73m to2

0.38% for eGFR between 30-59 ml/min/1.73m all the way to only 0.04% for eGFR <30 mL/min/1.73m .22

That said, experts have suggested that the CV and renal benefits to SGLT-2s could be sustained even when
their A1c-lowering effectiveness falls off (for one example, see commentary from Dr. David Fitchett at ESC
2017). Interestingly, GLP-1 agonists liraglutide (Novo Nordisk's Victoza), dulaglutide (Lilly's Trulicity), and
semaglutide (Novo Nordisk's Ozempic) do not appear to necessitate dose adjustments with declining renal
function.

Specific Considerations for Lipid Lowering in DKD

Christoph Wanner, MD (University Hospital of Würzburg, Germany)

Nephropathy expert Dr. Christoph Wanner argued for increased use of statins and other lipid-lowering
treatments in diabetic kidney disease (DKD), because these patients are in particular need for CV risk
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reduction. After all, diabetes and kidney disease each independently raise CV risk. CV events are a leading
cause of death for people with diabetes, people with kidney disease, and people with both (i.e. DKD). Dr.
Wanner reminded the audience why statins are prescribed in the first place, proclaiming that "we don't
prescribe statins to lower cholesterol, we prescribe statins to reduce vascular risk." He provided
comprehensive evidence of the benefits of LDL-lowering when it comes to DKD, echoing calls from other
thought leaders that we shouldn't be afraid of a lower LDL limit. Dr. Wanner highlighted that an ~18 mg/dl
drop in LDL can lower atherosclerotic event rate by ~24% - that's nothing to scoff at (!), especially when we do
have safe/effective therapies to address high LDL cholesterol in patients. Despite mounting data on the
efficacy of statins (and other LDL-lowering medications such as PCKS9 inhibitors), Dr. Wanner sadly noted
that doctors still seem reluctant to prescribe these medications (and notably, there's very little cost barrier to
prescribing statins, which are now generic). To illustrate statin underuse, he reviewed an observational study
conducted in Germany, following a cohort of >5,000 patients with stage 3 CKD. Of these patients, 707 had
diabetes and were not treated with a statin. Dr. Wanner exclaimed that these are exactly the types of patients
who should be receiving statins, but even in a relatively wealthy country like Germany, this isn't happening in
real-world clinical practice. We appreciated Dr. Wanner's passionate call-to-action and his clear clinical
advice.

Questions and Answers

Q: What about the patient who is on a statin and has CKD and then goes on dialysis - do you
take them off the statin?

A: There hasn't been any study yet on stopping statin treatments - this question is important. Patients that are
on dialysis with a statin, I believe that the current guidelines say that the statin should n0t be stopped when
they go on dialysis.

Specific Considerations for Blood Pressure Control in DKD

George Bakris, MD (University of Chicago, IL)

Dr. George Bakris justified the ADA's recommendation in its 2018 Standards of Care for a blood pressure
target <140/90 mmHg for people with diabetes. This particular ADA guideline has generated considerable
controversy in the field, primary because it doesn't align with AHA/ACC's latest suggestion of target blood
pressure below 130/80 mmHg (this was announced to great fanfare at AHA 2017). Defending ADA's position,
Dr. Bakris pointed to the ACCORD trial, which randomized type 2 patients at high risk for CV events to target
systolic blood pressure <140 mmHg (standard therapy) or <120 mm Hg (intensive therapy). There was no
significant difference in the primary composite CV outcome between groups (p=0.20), and in fact, adverse
events were more common in the intensive therapy arm (p<0.001). We should note that other thought leaders
have argued that ACCORD was simply under-powered; at AHA, Dr. Sandra Taler presented a combined
analysis of ACCORD and SPRINT and emphasized significant risk reduction for non-fatal MI, stroke, heart
failure, and composite CV endpoints with tighter vs. looser blood pressure control. Nonetheless, Dr. Bakris
used ACCORD and other meta-analyses to claim that there is little-to-no further benefit to reducing systolic
blood pressure below 130 mmHg vs. 140 mmHg. He acknowledged that non-diabetes studies have seen
success with blood pressure goals <130 mmHg systolic, but underscored that the same cannot be said for
patients with diabetes. All in all, this echoed Dr. Bakris' talk from AACE 2018. He once again encouraged
individualization of blood pressure targets, which we could not agree with more. Dr. Bakris urged HCPs to
apply a similar level of individualization to blood pressure targets and A1c targets, considering a patient's
specific CV risk factors and potential for adverse events. Patient preferences are vital, too, as is shared
decision-making. For further reading, Dr. Bakris directed audience members to his recent JAMA article that
discusses the rationale behind this ADA decision on blood pressure levels for patients with diabetes.
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Symposium: Cardio-Renal Effects of Glucose-Lowering Therapies

SGLT2i, GLP-1RA, and DPP-4i and Effects on Proteinuria - From Physiology to
Clinical Practice

Hiddo Heerspink, PhD (University Medical Center Groningen, Netherlands)

In a standing-room-only session, clinical pharmacologist Professor Hiddo Lambers Heerspink added nuance
to our understanding of renal benefits with different diabetes drugs by pointing out heterogeneity in
albuminuria-lowering response. A recent sub-analysis of the MARLINA-T2D trial illustrates this well.
Presented at ADA 2016, MARLINA-T2D found numerically higher but not statistically significant renal
benefits for linagliptin (Lilly/BI's DPP-4 inhibitor Tradjenta) in people with DKD (n=630). A deeper dive into
the data reveals that a majority of patients in the study fell into two categories of albuminuria-lowering
response to linagliptin: 44% experienced an impressive >20% reduction in albuminuria while 37%
experienced an increase in albuminuria, indicating worsening of kidney function. Very few participants
experienced anything in between, whether it be more modest 10%-20% or <10% reductions in albuminuria,
suggesting a responder/non-responder effect with this DPP-4 inhibitor when it comes to the kidney. Dr.
Heerspink hinted that there is more MARLINA-T2D data to come at EASD 2018 in October, and that a
similar heterogeneity in effect also exists for albuminuria response to liraglutide (Novo Nordisk's GLP-1
agonist Victoza). He alluded to a not-too-distant future of personalized therapy for DKD tailored to a person's
responder/non-responder status. He phrased this as a "one fit for everyone" approach, in contrast to the
current "one size fits all" paradigm for DKD. We previously heard Dr. Heerspink speak on this topic at WCTD
2017, where he described how this responder/non-responder effect has precluded nephropathy research and
drug development for kidney disease in diabetes. Indeed, no new DKD indications have been approved since
irbesartan and losartan in 2000, nearly two decades ago.

▪ Also on the subject of therapy personalization, Dr. Heerspink pushed back against the
widespread recommendation that SGLT-2 inhibitors be discontinued in people with
CKD. The logic of this recommendation is that SGLT-2s (which depend on the kidneys for their
mechanism of action) will lose their glucose-lowering ability as eGFR falls, which isn't untrue.
However, Dr. Heerspink contended that this is precisely the patient population that has the most to
gain from SGLT-2 inhibitor therapy because this class is associated with CV/renal protection. Dr.
David Fitchett shared a similar opinion at ESC 2017, and we look forward to dedicated outcomes
studies of SGLT-2s in heart failure and CKD to provide hard evidence on this question.

▪ Dr. Heerspink argued against the idea that albuminuria is a "soft" and uninformative
renal endpoint, noting that meta-analyses have shown a reliable connection between albuminuria
and more widely-accepted "hard" renal endpoints like eGFR and progression to end-stage renal
disease. Specifically, a 25%-30% reduction in albuminuria strongly predicts that a drug will also
decrease the risk of progression to end-stage renal disease. Because these latter endpoints can only
be assessed in very long-term studies, Dr. Heerspink suggested that albuminuria is arguably an even
more useful indicator of the nephron-protective potential of a drug because it can be evaluated in
trials of all kinds. He explained how this issue was discussed at a recent National Kidney Foundation
FDA/EMA workshop, and the EMA now officially recognizes albuminuria as a valid surrogate renal
outcome for primary prevention of CKD alongside rate of eGFR decline.

Heart Failure Management in the Era of EMPA-REG OUTCOME and the CANVAS
Program

Mikhail Kosiborod, MD (University of Missouri, Kansas City, MO)

Noted cardiologist Dr. Mikhail Kosiborod provided a crash course on heart failure and its intersection with
diabetes. He framed these as "conjoined epidemics," outlining that elevated A1c is a major risk factor for
developing heart failure (starting even in the prediabetes range) and heart failure is likewise a major risk
factor for diabetes (the counter-regulatory hormone response in heart failure can exacerbate insulin
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resistance). Consistent with this, heart failure is quickly becoming the most common CV complication of
diabetes and it already holds the designation of most morbid CV event for people with diabetes with a
"dismal" <25% five-year survival rate following hospitalization for heart failure. Dr. Kosiborod mentioned that
heart failure itself is still under-recognized in the cardiology community, and this is particularly true for
HFpEF, or heart failure with preserved ejection fraction. In contrast to HFrEF (heart failure with reduced
ejection fraction), which involves a decrease in cardiac output following an insult to the myocardium, HFpEF
is a systemic disease associated with excess adiposity and insulin resistance - the "cardiac manifestation" of
obesity (alongside NAFLD as the hepatic manifestation of obesity, hypertension as the vascular manifestation,
and so on). In step with the rising obesity epidemic, an increasing proportion of heart failure hospitalizations
are now due to HFpEF as opposed to HFrEF - a troubling situation since most disease-modifying therapies for
heart failure (beta blockers, ACE/ARB inhibitors, aldosterone blockers, nitrates, etc.) are only effective in the
HFrEF subtype. The only treatment options for HFpEF are diuretics and digoxin to improve symptoms, but
these do nothing to improve survival or reduce the risk of hospitalization.

▪ Against this backdrop, Dr. Kosiborod framed obesity and metabolic syndrome as the
most impactful targets for HFpEF prevention and treatment. A 2016 JAMA study found
that HFpEF is responsive to intensive lifestyle modification: Over 20 weeks, aerobic training and
caloric restriction each produced a significant ~6% improvement in cardiac oxygen consumption,
and the combination of both aerobic training and caloric restriction boosted this to ~14%. "It's
shocking," Dr. Kosiborod said, that no studies to-date have evaluated the effect of bariatric surgery
on heart failure given its resolution of other obesity-related sequelae including NAFLD and diabetes.

▪ Of course, no heart failure talk would be complete without discussing the promise of
SGLT-2 inhibitors for this indication. Both Lilly/BI's Jardiance (empagliflozin) and J&J's
Invokana (canagliflozin) demonstrated compelling risk reduction for heart failure hospitalization in
the EMPA-REG OUTCOME and CANVAS trials, respectively. These findings are complemented by
real-world evidence from AZ's CVD-REAL study, for which Dr. Kosiborod is a primary investigator.
These results have inspired dedicated investigations of SGLT-2s for the treatment of heart failure
(rather than the prevention of heart failure in people with diabetes), namely the EMPEROR HF
program for Jardiance and the Dapa-HF study for AZ's Farxiga (dapagliflozin).

Other Renal Protective Agents - Endothelin Antagonists, Mineralocorticoid
antagonists, and Novel Potassium Binders

Daniel van Raalte, MD (Virginia University Medical Center, Charlottesville, VA)

Dr. Daniel van Raalte presented on "other" renal protective agents for diabetic kidney disease (DKD),
following Dr. Hiddo Heerspink's endorsement of SGLT-2 inhibitors for renal protection (see above). Dr.
Raalte reminded the audience that DKD is a major unmet need, driving a lot of the CV mortality that's
associated with diabetes. To be sure, we're hearing more and more about "cardio-renal-metabolic syndrome"
at diabetes conferences, a concept that highlights the links between blood glucose, renal health, and CV
morbidity/mortality. This is a most-welcome topic of discussion in our view, as we push for more
consideration of outcomes beyond A1c - this includes renal and CV outcomes. Dr. Raalte explained that the
ADA currently recommends either ACE inhibitors or angiotensin receptor blockers as part of a treatment
approach for DKD. While these agents are anti-proteinuric, ACE/ARBs alone have not been shown to lower
CV mortality in people with diabetes. An emerging approach uses mineralocorticoid receptor antagonists in
conjunction with ACE/ARBs. MR antagonists block aldosterone action, reducing sodium and water retention.
Several MR antagonists are in development for DKD (including phase 3 candidates from Bayer and from
Mitsubishi Tanabe Pharma), as you'll see on our diabetic nephropathy competitive landscape.

▪ Dr. Raalte spotlighted Bayer's phase 3 MR antagonist finerenone as a particularly
promising candidate. Two major trials are underway: FIGARO-DKD (n=6,400) and FIDELIO-
DKD (n=4,800) are expected to complete in February 2020 and October 2019, respectively. On the
other hand, Dr. Raalte also outlined certain concerns with MR antagonists: He focused primarily on
the fact that these agents induce hyperkalemia. The most common treatment for this is sodium
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polystyrene sulfate (SPS), which is a nonspecific sodium-cation exchanger that comes with side-
effects of gastrointestinal dysfunction and poor palatability; it's no surprise to us that adherence to
SPS is low in the real-world, given this low tolerability and ease-of-use. Dr. Raalte mentioned two
possible alternatives to SPS: (i) patiromer, which binds potassium in exchange for calcium; and (ii)
ZS-9, a selective potassium cation trapping agent approved by the FDA in 2018.

Symposium: Diabetes is Primary

Cardiovascular Risk and Treatment Options - Primary Care Successes

Mikhail Kosiborod, MD (St. Luke's Mid America Heart Institute, Kansas City, MO)

Dr. Mikhail Kosiborod advocated for a paradigm shift in type 2 diabetes management, transitioning focus
from A1c reduction to comprehensive CV risk reduction with a goal of helping patients live longer and feel
better. Speaking to a primary care audience, Dr. Kosiborod provided a brief history lesson on diabetes clinical
trials, starting with studies that showed no CV risk reduction with intensive glucose control. He moved from
there to the 2008 FDA CVOT guidance (hard to believe that was 10 years ago!), and then discussed the first
spate of neutral CVOTs (mostly evaluating DPP-4 inhibitors). Finally, he summarized the positive CVOTs
(EMPA-REG, LEADER, SUSTAIN 6, IRIS, CANVAS) from the past three years. Speaking to the net impact of
these five trials, Dr. Kosiborod asserted, "we now live in a different world." Treating diabetes is about so much
more than glucose, because we now have treatments in our toolkit that impact hard outcomes like all-cause
death, heart attacks, strokes, and hospitalizations for heart failure (not to mention renal endpoints, quality of
life endpoints, etc.). Offering practical advice to PCPs in the room, Dr. Kosiborod presented his personal
treatment paradigm for the management of CV disease in type 2 diabetes, which he debuted at CODHy Latin
America 2017 and discussed again more recently at CODHy 2018. Dr. Kosiborod's approach recommends
different drug classes based on the specific CV dysfunction in the patient, ranging from CV risk factors only to
end-stage heart failure. Notably, Dr. Kosiborod included a slight update to his previously-presented algorithm
and listed SGLT-2 inhibitors as potentially promising for asymptomatic left ventricular dysfunction,
symptomatic heart failure/heart failure hospitalization, and end-stage heart failure. While acknowledging that
it may be premature to prescribe an SGLT-2 inhibitor for end-stage heart failure, he highlighted the exciting
ongoing trials for Lilly/BI's Jardiance (empagliflozin) in people with chronic heart failure with or without
diabetes. We'd add that AZ has launched a similar program for Farxiga (dapagliflozin) in heart failure with or
without diabetes, and we've heard from numerous experts that heart failure benefit is a probable class effect
of SGLT-2s.

▪ Dr. Kosiborod characterized the language regarding ASCVD risk management in the
ADA 2018 Standards of Care as a "huge step forward for people with diabetes and CV
disease." The 2018 Standards of Care recommend empagliflozin, liraglutide, and canagliflozin to
reduce CV events in people with type 2 diabetes and ASCVD. Dr. Kosiborod underscored that A1c is
not mentioned in these statements at all. As he put it, "it doesn't say use this if A1c isn't well
controlled. It just says if you have diabetes and CV disease, use these." According to Dr. Kosiborod,
this drives home the prevailing consensus that A1c is not an effect modifier for these drugs.

Symposium: Blood Flow to the Toe

Diabetes Mellitus and Peripheral Arterial Disease

Michael Criqui, MD (UCSD School of Medicine, San Diego, CA)

UCSD's Dr. Michael Criqui gave an overview of peripheral arterial disease (PAD). He explained that this
condition is often characterized by intermittent claudication (leg pain), and noted that it's more common in
African American patients and in those older than 60. PAD also presents at a higher rate in patients with
diabetes vs. the background population. Turning to PAD diagnosis, Dr. Criqui explained the ankle-brachial
index (ABI), a ratio calculated using blood pressures at the arms and ankles. He cautioned that ABI scores can
be confounded by neuropathy and arterial disease. Dr. Criqui concluded that PAD is a systemic disease in
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which the heart isn't performing well, as coronary heart and cerebrovascular diseases are often present in
patients with PAD, and he suggested that antiplatelet medications, statins, and ACE inhibitors can provide
good control of PAD.

Role of Cardiology and the Diabetic Foot - Addressing the Heart of the Problem

Carlos Mena, MD (Yale University, New Haven, CT)

Yale Dr. Carlos Mena called attention to the increasing prevalence and undertreatment of chronic limb
ischemia (CLI), which is especially common in patients with diabetes, obesity, metabolic syndrome, and the
elderly. Tying this back to the previous talk, Dr. Mena shared that 10% of PAD patients have CLI as well.
According to Dr. Mena, PAD is deadlier than breast cancer (and ABI diagnostic tests are relatively
inexpensive) but doesn't receive enough attention in clinical practice because it's often asymptomatic. He
reiterated that PAD falls under the umbrella of systemic atherosclerosis, or thrombus formation leading to
conditions such as cerebrovascular disease and carotid artery disease. Hypertension, high LDL, and smoking
all contribute to the risk of developing PAD. Dr. Mena pointed to significant expenses associated with PAD,
especially in the Medicare population, and he reminded the audience that this condition can even lead to
amputations. (In line with this, PAD was found to be a risk factor for amputations in the CANVAS trial, and
HCPs recommend against prescribing SGLT-2 inhibitor Invokana to people with pre-existing PAD.) In
reference to the NIH-sponsored clinical trial BEST-CLI, Dr. Mena urged clinicians to think critically when
talking to and examining patients about which arteries may be affected in the ankle and foot. He advocated
that care providers in vascular surgery, interventional cardiology, and interventional radiology all come
together in treating CLI more optimally. Above all, he underscored that PAD is a complex issue that merits a
more cost-effective multidisciplinary approach by including care providers in endocrinology, podiatry, and
social work to view the patient as a whole.

Symposium: Antiplatelet and Antithrombotic Therapies in Diabetes

Utility of Combination Antiplatelet Therapies in Diabetes

Deepak Bhatt, MD (Brigham and Women's Hospital, Boston, MA)

In this presentation chock-full of clinical tips and tricks, Dr. Deepak Bhatt reviewed antiplatelet therapies
with a special focus on use in patients with diabetes. Platelet activation and aggregation are heightened in
patients with diabetes, contributing to increased rates of ischemic events. Moreover, according to data from
The REduction of Atherothrombosis for Continued Health (REACH) registry, patients with diabetes may
experience more severe CV impacts from atherothrombosis. Dr. Bhatt discussed a range of antiplatelet
therapies, including adenosine-diphosphate (ADP) receptor antagonists like clopidogrel, which may have a
higher response in those with diabetes). He also touched on PAR-1 antagonists, glycoprotein IIb inhibitors,
and the standard aspirin, which according to Dr. Bhatt, has roles in secondary prevention and possibly even
primary prevention.

▪ Dr. Bhatt took a strong stance that the antiplatelet medication clopidogrel is superior
to aspirin monotherapy in secondary prevention (reducing the combined risk of ischemic
stroke, MI, or vascular death) for all patients, especially for those with diabetes due to their higher
baseline risk. Furthermore, though it's not as cheap as aspirin, Dr. Bhatt noted that clopidogrel is
quite low-cost.

▪ Citing the CURE trial, Dr. Bhatt recommended dual antiplatelet therapy (clopidogrel +
aspirin) as the standard of care for at least one year in diabetes patients with acute
coronary syndrome (ACS). The CHARISMA trial, which divided diabetes patients into overall
population, secondary prevention, and primary prevention subgroups, found a significant benefit of
long-term dual antiplatelet therapy over aspirin for secondary but not primary prevention. In
addition, benefits from the dual therapy were seen for more than one year in patients with prior
ischemic events, especially if they had diabetes.
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▪ Agents more potent than clopidogrel, such as prasugrel, provide even greater benefits,
though the risk of bleeding must be weighed. For example, vorapaxar, another more potent
antiplatelet therapy, significantly reduced CV death, MI, and stroke vs. placebo but increased the
risk of bleeding and is not indicated for those with prior stroke. Even the dual antiplatelet therapy
clopidogrel + aspirin leads to an increased risk of bleeding, Dr. Bhatt acknowledged, though he
maintained that the incremental risk isn't much larger than aspirin alone.

Questions and Answers

Q: What do you recommend when prescribing newer antiplatelet substances?

A: Weigh the pros and cons for each patient depending on factors like their risk for bleeding, insurance
coverage, and affordability with ongoing revaluations. This is a good place for shared decision-making.

Q: Do the benefits of antiplatelet therapy for atherothrombosis vary between those with type 1
and type 2 diabetes?

A: No, though we need better design of trials, as cardiology studies don't pay too much attention to diabetes.

Posters

Alirocumab and Cardiovascular Outcomes in Patients with Acute Coronary
Syndrome (ACS) and Diabetes: Prespecified Analyses of ODYSSEY Outcomes

K Ray, H Colhoun, M Szarek, M Baccara-Dinet, D Bhatt, V Bittner, A Budaj, R Diaz, S
Goodman, C Hanotin, J Jukema, V Loizeau, R Lopes, A Moryusef, R Pordy, A Ristic, M Roe, J
Tunon, H White, G Schwarz, P Steg

Preliminary results from the ODYSSEY Outcomes CVOT for Sanofi/Regeneron's PCSK9 inhibitor Praluent
(alirocumab) were presented this year at ACC 2018. This late-breaker focused on the subgroups of
participants with diabetes (n=5,444) or prediabetes (n=8,246) at baseline. In the study population overall,
Praluent reduced risk for the primary composite MACE outcome (coronary heart disease-related death, non-
fatal MI, non-fatal stroke, or unstable angina requiring hospitalization) by 15% vs. placebo (HR=0.85, 95% CI:
0.78-0.93, p=0.0003). Individuals with diabetes seemed to derive even greater CV benefit from the drug,
experiencing a 16% relative risk reduction for this primary composite (HR=0.84, 95% CI: 0.74-0.97). The
cohort with prediabetes saw a hazard ratio for the primary outcome of 0.86 (95% CI: 0.74-1.00), though this
missed statistical significance by a razor-thin margin (upper bound of the 95% confidence interval 1.00).
Participants with normoglycemia at baseline (n=5,234) did not see statistically significant risk reduction for
the primary outcome on their own (HR=0.85, 95% CI: 0.70-1.03). These post-hoc findings make sense, given
that patients with diabetes face higher residual CV risk, and there is thus more "room" for risk reduction;
nonetheless, it's important to have this data on the record as we hope to see greater use of PCSK9 inhibitors to
mitigate CV risk in diabetes care. Thought leaders, including Dr. Michael Farkouh, have suggested that people
with diabetes represent an ideal patient population for PCSK9 therapy - diabetes and dyslipidemia each
independently increase CV morbidity/mortality, so people with comorbid diabetes/dyslipidemia are likely in
the highest stratum of CV risk (and because these agents are pretty expensive/poorly reimbursed, risk
stratification could be key in the short term). The p-value for interaction between diabetes status and
cardioprotection was highly non-significant at 0.98. It's interesting to note that the largest ODYSSEY
Outcomes subgroup was the one with prediabetes (as opposed to diabetes or normoglycemia), which
underscores how common prediabetes is at the population level. Moreover, the poster mentioned that
alirocumab was not associated with new-onset diabetes during the course of this CVOT, which is reassuring
given lingering concerns over statin-induced diabetes.
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Chronic Kidney Disease (CKD) and Risk of Mortality, Cardiovascular (CV) Events,
and Severe Hypoglycemia in Type 2 Diabetes (T2D) - DEVOTE Results

A Amod, S Emerson, S Marso, D Mcguire, T Pieber, R Pop-Busui, R Pratley, B Zinman, M
Hansen, T Jia, T Mark, N Poulter

This post-hoc analysis of Novo Nordisk's DEVOTE trial found that Tresiba's (insulin degludec) safety and
efficacy were maintained regardless of a patient's baseline CKD stage. Primary DEVOTE results were
announced at last year's ADA - the next-gen basal insulin Tresiba significantly reduced risk for severe
hypoglycemia compared to Sanofi's Lantus (insulin glargine) and was non-inferior on three-point MACE.
These findings held true for patients with baseline eGFR ≥90 ml/min/1.73m , for those with stage 2 or stage 32

CKD, and for those with stage 4 or stage 5 CKD (eGFR <30 ml/min/1.73m ). The poster also broke down data2

by CKD vs. no CKD at baseline, and found significant risk reduction for severe hypoglycemia with degludec vs.
glargine in both subgroups (RR=0.64, 95% CI: 0.45-0.92 among patients with CKD and RR=0.57, 95% CI:
0.43-0.78 among those without CKD). As a reminder, relative risk reduction for severe hypo across the entire
DEVOTE study population was 40% (HR=0.60, 95% CI: 0.48-0.76, p<0.001) and was 53% overnight
(HR=0.47, 95% CI: 0.31-0.73, p<0.001). As expected, a CKD diagnosis itself was associated with more
frequent hypoglycemia and CV events. Risk of MACE was significantly higher for patients with stage 3 CKD
(eGFR 30-60 ml/min/1.73m ) compared to people with eGFR >90 ml/min/1.73m (HR=1.41, 95% CI:22

1.13-1.77); comparing stage 4-5 CKD (eGFR <30 ml/min/1.73m ) vs. no CKD revealed an even greater jump in2

MACE risk (HR=2.39, 95% CI: 1.63-3.52). Participants with stage 3 CKD also faced higher hypoglycemia risk
during the course of DEVOTE follow-up (HR=1.41, 95% CI: 1.02-1.94) vs. their counterparts without CKD.

Policy and Reimbursement

Symposium: CVOTs in Diabetes

Shall We Continue or Change Course?

Steven Marso, MD (HCA Midwest Health, Kansas City, KS); Darren McGuire, MD (UT
Southwestern Medical Center, Dallas, TX)

Drs. Steven Marso and Darren McGuire discussed all things CVOTs in an extremely timely session,
considering this year marks the 10th anniversary of FDA's CVOT guidance. Although this was set up as a
debate, the two cardiologists agreed that there are opportunities to innovate in CVOT design, to make these
large (and expensive) studies more fruitful. Incorporating heart failure as a primary endpoint, especially in
SGLT trials, seems like a no-brainer. Probing for cardioprotection in primary prevention also seems like a
logical next step to EMPA-REG (100% secondary prevention), LEADER (81% secondary prevention), and
CANVAS (66% secondary prevention). Indeed, the DECLARE trial for AZ's Farxiga (dapagliflozin) includes a
co-primary endpoint of hospitalization for heart failure/CV death alongside the classic three-point MACE
(non-fatal MI, non-fatal stroke, CV death), and features a larger primary prevention cohort (60%) than ever
seen before in a diabetes CVOT. We look very forward to DECLARE results, expected in the second half of this
year. Dr. Marso listed "no diabetes" and "obesity" as additional patient populations to investigate in "gen-2
and gen-3" CVOTs, and to this end, we're particularly excited about Novo Nordisk's planned SELECT study of
semaglutide in obesity. We agree with the conclusion from both these presentations - that CVOTs are here to
stay, and it's worth figuring out how to maximize on industry's investment by refining trial design. Our one
caveat is this: It's already challenging to compare between CVOTs given differences in study population, study
design, study protocol, etc. We implore that in re-envisioning the diabetes CVOT, the field pushes toward
more standardization, because this further enhances insights gained and could support treatment decisions.
For example, Dr. Marso alluded to greater heart failure benefit with SGLT-2s vs. greater impact on
atherosclerosis with GLP-1s; both therapy classes have shown compelling cardioprotection, and now we
should help providers identify the patients most likely to benefit from each so that we can improve real-world
outcomes.
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▪ Dr. Marso suggested that it may be worthwhile to revisit the hypothesis that tight
glucose control leads to better CV outcomes. "I think LEADER and EMPA-REG put two nails
in the coffin for the glycemic hypothesis, and SUSTAIN 6 loosened one of them in my mind," he
explained. Diabetes CVOTs are designed with glycemic equipoise, in order to isolate the CV effects of
the molecule. In LEADER and EMPA-REG, change in A1c was similar between the active treatment
arm and the placebo arm, but there was a wider A1c gap in SUSTAIN 6 - from a baseline 8.7%, A1c
dropped a mean ~1.3% with semaglutide vs. only 0.4% with placebo. Dr. Marso pointed out that the
relative risk reduction for three-point MACE was substantially greater in SUSTAIN 6 (26%) vs.
LEADER (13%) or EMPA-REG (14%), and he postulated that perhaps improved glucose control
contributed to this. To be sure, semaglutide is an incredibly potent glucose-lowering agent, and at
ESC 2017, Dr. Esteban Jodar shared a similar hypothesis about the extra benefit of tight A1c control
amplifying the GLP-1's demonstrated cardioprotection.

▪ Drs. Marso and McGuire shared opposing views on heart failure with DPP-4
inhibitors. Dr. McGuire reiterated some of his ESC comments in arguing that heart failure is not a
class effect of these molecules (only SAVOR-TIMI for AZ's Onglyza found a significant risk signal,
and TECOS for Merck's Januvia showed a resoundingly neutral hazard ratio of 1.00 for this
endpoint). Dr. Marso pointed to the VIVIDD study (n=254) in which Novartis' Galvus (vildagliptin)
was associated with increased left ventricular chamber size and numerically higher heart failure
events (though this did not reach statistical significance). Even though this was a small trial, Dr.
Marso argued that VIVIDD + SAVOR-TIMI + EXAMINE (for Takeda's Nesina, again there was a
numerical imbalance in heart failure hospitalizations but this wasn't significant) provide reason
enough to conduct follow-up CVOTs with DPP-4 inhibitors. Our sense is that most thought leaders
side with Dr. McGuire on this one, and aren't concerned about heart failure as a DPP-4 class effect;
FDA did add heart failure warnings to all DPP-4 product labels (including Januvia) last year, in what
we consider an excessively conservative move.

Symposium: Steering the Right Course for Diabetes Management - Clinical
Perspectives

Do We Know Enough? Why We Need More Rigorous Prospective Randomized
Studies

David Nathan, MD (Massachusetts General Hospital, Boston, MA)

According to MGH's Dr. David Nathan, prospective RCTs in diabetes - the gold standard of scientific evidence
- may be under attack. Dr. Nathan suggested that several social, political, and scientific trends may underlie
the apparent scarcity of randomized controlled clinical trials in diabetes. On the social and political side, he
pointed to the "right to try" movement as "undercutting what we're trying to do with clinical trials." Congress
recently passed a "right to try" bill that allows terminally ill patients to bypass the FDA and request
investigational drugs from pharmaceutical companies - though pharmaceutical companies are not required to
supply the drug and FDA currently approves 99% of requests in the existing compassionate use program for
this purpose. Critics of the bill argue that this "right to try" pathway could give false hope to patients or even
harm them and that the true goal of the bill is to undermine the FDA and the clinical trial process, rather than
substantively expand patient access to investigational drugs. In an example of policy taking even more direct
aim at clinical trials, Dr. Nathan highlighted the NIH's 2016 decision to defund the Clinical Research Center
Program after more than 50 years of continuous funding. He suggested that studies of human physiology and
federally supported clinical trials will be especially affected by this. On the scientific side, Dr. Nathan
suggested that the trend toward new, innovative clinical trial designs may be drawing attention away from
traditional RCTs. As examples, he pointed to the All of Us Precision Medicine initiative - which he
characterized as "Big-Box Store Associational Science" - and "in silico" computer modeling studies (such as
those conducted by Archimedes, including a poster presented at EASD 2011). While these association studies
are certainly interesting and can generate new hypotheses, Dr. Nathan argued that they're not the same as an
RCT. In fact, he emphasized that RCTs are the only type of trial that can determine the effectiveness of an
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intervention against a comparator, the magnitude of the effect, and the balance among the benefits, risks, and
costs. While he acknowledged that RCTs garner criticism for non-real-world conditions and poor
generalizability, he suggested that "pragmatic" RCTs in real-world settings may be able to bridge this gap. All
in all, Dr. Nathan emphasized that RCTs are crucial to answering the many, many questions that still exist in
the diabetes field: evaluating new drugs, devices, and procedures, preventing type 1 diabetes, comparative
effectiveness of existing interventions, outcomes tied to inpatient glucose control, strategies to address
residential microvascular and CV risk, individualization of therapy practices - and, of course, finally curing
diabetes.

▪ In a review of the latest June issue of Diabetes Care, Dr. Nathan found that only two of
the 21 original articles (<10%) were RCTs, and both of these trials were multicenter,
industry-sponsored studies. The other 19 original articles included prospective and
retrospective cohort, cross-sectional and longitudinal observation, epidemiology, surveys,
observational, physiology, and pilot studies. For comparison, Dr. Nathan shared a similar analysis of
the May issue of NEJM and found that of the 19 original articles, 14 were multicenter RCTs (74%).
Notably, diseases studies in this issue included lung cancer, melanoma, venous ulcers, asthma,
COPD, Alzheimer's Disease, seizures, fevers, dry eye, and prostate cancer - but not diabetes.

▪ Turning to clinical trials still in progress, Dr. Nathan noted that the ~550 actively-
recruiting interventional diabetes trials on ClinicalTrials.gov represents <4% of the
total 16,067 actively-recruiting trials in the US. For comparison, he highlighted that there are
roughly 10x as many cancer trials and roughly 3x-4x as many CV disease trials actively recruiting
right now.

Symposium: Real-World Evidence in Diabetes

Combining Methodological Approaches to Assess Efficacy and Safety of Gla-300
vs. First-Generation Basal Insulins - A Case Study

Tim Bailey, MD (UC San Diego, CA)

Dr. Tim Bailey headlined a symposium on real-world evidence with new cost-effectiveness analysis from
Sanofi's DELIVER-2 study. To complement the original DELIVER-2 findings that switching to Toujeo (insulin
glargine) from another basal insulin reduced the risk of hypoglycemia in a real-world setting, Dr. Bailey
unveiled that this switch additionally conferred an estimated $1,439 of healthcare savings per patient per
year. He elaborated that this was driven by lower hypoglycemia-related healthcare utilization, specifically:
Fewer hospitalizations (2.8% of people on Toujeo vs. 4.3% of people on other insulins, p=0.037); a smaller
proportion of people visiting the ER (3.1% vs. 5.1%, p=0.007); and fewer patients requiring outpatient care
(12.5% vs. 15.4%, p=0.011). We certainly hope these compelling numbers resonate with payers, as we continue
to believe that next-gen basal insulins should be viewed not as a cost, but as an investment in greater health
and safety. This data further supports findings from RCTs indicating that Toujeo - and next-generation basal
insulins overall - are a major step above first-generation analogs, particularly with regard to their
hypoglycemia benefits and reduced glucose fluctuations.

Real-World Evidence Studies - Methodological Approaches to Overcome Bias

Sean Sullivan, PhD (University of Washington, Seattle, WA)

UW health economist Dr. Sean Sullivan contextualized that real-world studies like LIGHTNING and
DELIVER-2 help fill the gaps in the RCT landscape. Beyond supplementing RCT data, Dr. Sullivan argued
that real-world studies are critical in their own right to provide insight on a broader swath of the patient
population. Leicester's Dr. Kamlesh Khunti echoed this point, noting that only 16% of people with type 2
diabetes would have been eligible for the EMPA-REG OUTCOME CVOT (similarly small fractions of the
actual patient population would have qualified for ACCORD [11%], ADVANCE [36%], VADT [9%], and
PROactive [3.5%]). Dr. Sullivan further noted that RCTs provide a limited picture of the cost-effectiveness of
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therapies by addressing only "can it work" under perfect circumstances, with no insight into "does it work" in
the wild.

▪ We were interested and excited to hear from Dr. Sullivan that major regulatory bodies
know this and are slowly beginning to emphasize real-world evidence. FDA has
characterized RWE as "an important step toward a fundamentally better understanding of states of
disease and health," he said. In a past editorial, former Senior Medical Officer of the EMA Dr. Hans-
Georg Eichler proposed a new regulatory assessment protocol that places safety/efficacy evidence
from RCTs and relative effectiveness and cost vs. health benefit evidence from real-world studies on
equal footing.

Complementing Randomized Controlled Trials with Real-World Evidence - A
Comprehensive Evidence-Generation Program in Patients with Diabetes

Stewart Harris, MD (Western University, Ontario, Canada)

Western University's Dr. Stewart Harris discussed the "efficacy gap" between tightly controlled, high-touch
RCTs and real-world studies, where patients receive much less intensive follow-up. Work from Drs. Steve
Edelman and Bill Polonsky has estimated that up to 75% of this efficacy gap is attributable to lower adherence
in the real world vs. a more engaged clinical trial setting. We appreciated a sentiment from the audience
during Q&A: "My takeaway from the Edelman and Polonsky data is that if we had free medications and
frequent check-ins with an all-star clinical team, real-world evidence would look just like RCT data." We
couldn't agree more, and are reminded of commentary from Dr. Mikhail Kosiborod at AACE 2018 that even
the placebo arm of a large RCT represents an improvement over current standard of care.

Symposium: The National Diabetes Prevention Program- From Research to
Practice to National Policy

Status of the National Diabetes Prevention Program - From Access to Uptake

Ann Albright, PhD (CDC, Atlanta, GA)

CDC's Dr. Ann Albright provided a status update on the National Diabetes Prevention Program (NDPP),
seeming upbeat about progress to-date and expressing enthusiasm for what lies ahead. Supply of the NDPP
has grown steadily, and as of this month, CDC recognizes nearly 1,800 programs (1,786, to be exact). Demand
has grown as well, with nearly 220,000 individuals enrolled in the NDPP as of this month (219,156). The
number enrolled has climbed 37% from January 2018 (160,378) and has more than doubled from last
summer (106,219). As for reimbursement, Dr. Albright explained that >3.4 million US adults (in 18 different
states) have access to the DPP through their employer. We like this momentum, but we'd love to see a steeper
incline - the NDPP is still only reaching ~0.3% of the 84 million Americans with prediabetes, based on these
latest figures. Dr. Albright has the same ambition, and she announced that CDC will open an NDPP
Operations Center within its diabetes division, much like there's an operations center for emergency
outbreaks. While it's too early to tell exactly what this NDPP Operations Center will accomplish (in Dr.
Albright's words, "we are in initial phases of development"), we see this as a signal of CDC's commitment to
addressing the public health crises of prediabetes and diabetes. Furthermore, she mentioned that launch is
imminent for an NDPP Customer Service Center, created because public interest in these programs is
becoming overwhelming (another positive sign!). While it's hard to be optimistic when 84 million people in
the US have prediabetes, 88% of them unaware, and it's been this way for ages, we appreciated Dr. Albright's
motivating words. She urged providers in the audience to get engaged and get their patients engaged. One of
CDC's goals is to increase referrals to the DPP for people with prediabetes, and Dr. Albright added that HCPs
should have their patients watch the CDC/Ad Council prediabetes awareness campaign. She also directed
everyone to the NDPP website, Facebook page, and Twitter. To date, CDC has invested hugely in social media,
like FDA or CMS or other government agencies have - CDC's got a million followers on Twitter (though under
8,000 followers on @CDCdiabetes) whereas FDA has 200,000 followers and CMS has just under 150,000.
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Where Are We with Medicaid Coverage?

Patricia Shea (CDC, Atlanta, GA)

Ms. Patricia Shea discussed the efforts of the CDC's Division of Diabetes Translation (DDT) to expand
coverage for the National Diabetes Prevention Program (NDPP). The DDT's overarching goal, she explained,
is to have the NDPP covered by all payers as a means to promote health equity and reduce diabetes health-
related disparities in the US. While the CDC has been involved in multiple initiatives aimed at increasing
access, Ms. Shea spent the majority of her talk focusing on the National DPP Medicaid Demonstration Project.
This three-year project, which is set to complete in October of this year, aims to demonstrate that Medicaid
coverage of the NDPP would be sustainable through development and implementation models in Maryland
and Oregon. According to Ms. Shea, the decision on which states would serve as models was extremely
competitive. Maryland and Oregon were chosen based on quantitative analysis of the capacities and
propensities for the program in Medicaid expansion states, followed by qualitative interviews determining
each state's fit for the program. Oregon and Maryland created independent delivery and sustainability models
which will be evaluated this Fall based on beneficiary surveys (both pre- and post-program completion/
discontinuation), cost analysis, enrollment, engagement/retention, and participant outcomes. Given the
promising results that the NDPP has demonstrated in the past, we are eager to see the final evaluation report
in October, which we hope will serve as strong evidence for other states to commit to Medicaid NDPP
coverage as a long-term investment.

▪ Notably, the Medicaid Demonstration Project includes both in-person and virtual DPP
programs. While many may be skeptical about virtual DPP access in the Medicaid population (due
to less access to technology in general), Ms. Shea mentioned that there was actually a higher rate of
enrollment in virtual programs than in-person programs. Indeed, we note that virtual DPPs are
much more convenient for people (increasing the chances of excellent retention), and they're more
scalable than in-person programs - from this vantage point, virtual platforms might be particularly
advantageous for Medicaid beneficiaries. Fifty virtual DPPs already boast CDC recognition, and we
are encouraged by the CDC's continuous acknowledgement of their efficacy. CMS does not currently
reimburse these programs (which we find hugely disappointing), but we are hopeful that this may
change in the near- to mid-term future as more evidence accumulates in support of virtual DPP
platforms.

▪ The CDC DDT has a strong record of improving NDPP Medicaid coverage. As a result of
the DDT's efforts, nine states (CA, MN, MT, NJ, VT, AR, MD, OR, and PA) currently have full or
partial Medicaid coverage for the Diabetes Prevention Program, another eight have participated in
the Medicaid Demonstration Project Virtual Learning Collaborative, and seven have participated in
the CDC 6/18 Medicaid Initiative. The CDC has already pledged funding to provide technical
assistance and support for these 24 states to continue their work expanding Medicaid coverage of
the NDPP through 2023.

▪ Ms. Shea also elaborated on the CDC's recent commitments to scaling the NDPP in
underserved areas through a 1705 Cooperative Agreement. Through the program, national
and regional organizations with experience offering the NDPP or another evidence-based behavior
change program to underserved populations were eligible for CDC funding to expand their efforts to
include at least 1,000 participants in underserved areas in the first year.
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Symposium: Enhancing the Use of Diabetes Prevention and Cardiovascular
Risk Factor Control

Medicare Diabetes Prevention Program Final Rules May Limit Beneficiary Access
and Widen Health Disparities

Natalie Ritchie, PhD (University of Colorado, Aurora, CO)

Health psychologist Dr. Natalie Ritchie presented an economic analysis of a Colorado Medicare DPP program.
She reported a troubling $661 gap between the service costs of the program ($800 per beneficiary) and
projected reimbursement ($139 per beneficiary on average, out of a maximum possible $450 for achieving all
attendance and weight loss goals after one year). Dr. Ritchie explained that many MDPP centers can't afford
to cover this gap - particularly centers that serve primarily low income and minority populations - and this
financial strain could eventually lead to discontinuation of the program, thereby further widening health
disparities in diabetes and prediabetes. Despite this grim picture, Dr. Ritchie also emphasized that there is
still a very strong ROI for MDPP enrollment over the long term ($1,112 in healthcare costs saved per
beneficiary per year on average in this center) and this could support the idea of increasing the level of
reimbursement for MDPP. Independent of any policy-level changes in reimbursement for MDPP, Dr. Ritchie
stressed that the most promising approach for closing this gap is to increase reimbursement via improved
participant performance on MDPP outcomes. In this particular Colorado program, only ~5% of participants
met all of the treatment goals and received full reimbursement. A majority (59%) attended >four sessions
within the first six months (which alone yields $50 in reimbursement), but fewer (21%) achieved the >5%
weight loss goal (which yields $160, the biggest reimbursement payoff for any MDPP milestone), and even
fewer maintained >5% weight loss over months 7-9 (10%) and months 10-12 (7%), each of which yields an
additional $60 in reimbursement. Launched on April 1, 2018, reimbursement for MDPP is just getting off the
ground and Dr. Ritchie acknowledge that there is plenty of room for tweaks to improve participant outcomes -
especially in the domain of tailoring the MDPP curriculum for cultural appropriateness.

Symposium: Cost-Related Nonadherence to Diabetes Care

Level of Deductible in an Insurance Plan Affects Medical Care Use in Individuals
with Diabetes

Anuradha Jetty (Robert Graham Center, Washington, DC)

Ms. Anuradha Jetty presented a recent analysis of how private health insurance deductibles affect use of
diabetes services and care among non-elderly adults, stratified by income level. Data on care received and
deductibles paid were drawn from MEPS, a self-reported household survey. The sample (n=25,965) was split
into low- and high-income groups, defined as being below or above 200% of the federal poverty line. Private
insurance was categorized as having no deductible, a low deductible (<$1,250 for individual, <$2,500 for
families), or a high deductible. Respective distribution of these deductible levels was 29%/49%/22% in the
low-income group and 31%/45%/24% in the high-income group; Ms. Jetty noted that there's no
overwhelming pattern in this data, since patients from the higher income bracket had a slightly larger
proportion of no deductible plans as well as high deductible plans. Continuing on to her main results, Ms.
Jetty showed how increasing deductible level led to a decreasing likelihood of going in for an annual checkup.
People with high income and no deductible were the most likely to receive their annual checkup, more than 5x
as likely as people with low income and a high deductible health plan. Moreover, Ms. Jetty emphasized that
high deductible enrollees were ~twice as likely to visit their PCP at least once per year if they were high-
income as opposed to low-income. This analysis led to two particularly important observations, in our view:
(i) that high deductible health plans generally drive down healthcare utilization, regardless of income level,
and (ii) that lower income also puts pressure on patients and decreases healthcare utilization, regardless of
insurance. Ms. Jetty described how income and health insurance plan are closely tied, and she suggested that
it's important we unravel these connections in our efforts to expand access to diabetes care. She also shared
that low deductible enrollees with high income were the most likely to see a diabetes specialist vs. a primary
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care provider. According to Ms. Jetty, these results roughly translated to worse diabetes health outcomes in
those with high deductible health plans. She concluded by recommending a shift to value-based
reimbursement without cost-sharing for chronic diseases.

▪ High deductible health plans (HDHP) are strongly associated with reduced utilization
of all necessary medical services broadly. Between 2010-2017, proportion of people with a
HDHP increased from 25% to 43%, and the average overall deductible increased from $548 to
$1,350 annually, per Ms. Jetty's presentation.

Joint ADA/ISPAD Symposium - 25 Years after the Announcement of the
DCCT Results - What Is the Status of Type 1 Diabetes in Youth, and How
Can We Do Better?

What Can We Do Differently? The European Experience

Knut Dahl-Jørgensen, MD (Oslo University Hospital, Norway)

The experience of having type 1 diabetes in Europe differs from the same experience in the US, partly due to
the early focus on optimal glucose control in the EU. Oslo's Dr. Knut Dahl-Jørgensen provided
recommendations for how to improve type 1 diabetes care in the US. He emphasized incorporating new
technologies, implementing telemedicine programs such as eCommunication, and developing care teams (as
opposed to siloed providers). He also spoke about the need to individualize treatment and motivate patients,
to work to understand the potential social and psychological constraints patients face, and to offer equal
treatment and possibilities to all. In closing, Dr. Dahl-Jørgensen advocated for universal reimbursement to
empower patients and improve medication adherence - indeed, other presentations at ADA 2018 highlighted
cost-related non-adherence among US patients.

Symposium: Better Ways to Build Diabetes Population Health Management

Population Health Management in Underserved Communities

Luigi Meneghini, MD (UT Southwestern Medical Center, Dallas, TX)

Dr. Luigi Meneghini presented his vision for a "one-stop shop" specialty clinic for patients with diabetes. To
highlight gaps in current diabetes care, he reviewed study data showing that only ~55% of patients have
visited their doctor for an appointment in the past year, and only 35% have had their A1c tested. (We note
similar findings from the global DISCOVER study - fewer than 80% of participants had any recorded A1c
reading.) He also mentioned that ~60% of his own patients do not have health insurance. To address these
shortcomings, Dr. Meneghini and his Texas-based team have worked with primary care centers to optimize
population-level interventions. During this talk, he focused on specific areas within diabetes care where he
sees particular room for improvement and a high potential ROI.

▪ Dr. Meneghini praised the Parkland Score for Adherence to Medication (P-SAM),
suggesting that HCPs use this tool in order to understand more about why some patients are not
picking up their medications from the pharmacy. As we hear often from behavioral diabetes expert
Dr. William Polonsky, providers often misinterpret their patients' motivations in low adherence, and
it's important to accurately identify the "why?" so that solutions to promote adherence are specific,
targeted, and efficient. Dr. Meneghini recommended assessing adherence using the Proportion of
Days Covered (PDC) metric. His focus on adherence before anything else was interesting, and to be
sure, the best drugs in the world won't work if patients don't take them.

▪ Dr. Meneghini next shifted focus to technology, positioning it as a way to boost access
to care and resources. He explained that diabetes e-consultations and education sessions are
extremely useful for increasing access to care (digital platforms are more scalable and are more
convenient for patients). As an example of a good web-based approach, he discussed uploading
remote glucose monitoring data to the cloud. When patients share their data in this way, Dr.
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Meneghini described how healthcare providers can access that information and can offer personal
recommendations more quickly.

▪ Third, Dr. Meneghini presented on the Healthy Feet Initiative. The purpose of this
initiative is to understand foot complications in diabetes, and to establish a better screening tool that
empowers prevention, diagnosis, and treatment. The tool features a scale from 0-4; 0 indicates a
standard screening and 4 represents a foot ulcer. We certainly see the need for more efficient
screening tools for secondary prevention in diabetes (warding off complications).

▪ Dr. Meneghini rounded out his presentation by summarizing some of the lessons
learned from this project. He emphasized engaging a diversity of stakeholders, leveraging data
analytics, and providing interventions that help patients as well as HCPs.

Symposium: Diabetes in Rural America

Burden of Diabetes and Its Complications among American Indians and Alaska
Natives

Spero Manson, PhD (University of Colorado, Aurora, CO)

Dr. Spero Manson painted a bleak picture of the burden of diabetes among American Indians, but he spent
the last third of his talk discussing diabetes prevention interventions that have shown great promise in that
population. Diabetes/obesity are more prevalent among American Indians and Alaska Natives (AI/AN) than
in any other ethnic group. The age-adjusted rate of diabetes in AI/AN populations is 2.4x that of the general
population. Diabetes rates for the Pima tribe in Arizona are the highest in the world: 34.2% for men and
40.8% for women. Diabetes complications, including CV disease and renal disease, are also twice as common
in AI/AN populations. According to Dr. Manson, diabetes and its complications are the leading cause for the
lower life expectancy of AI/ANs (5.5 years lower than the general American population). In 1997, Congress
approved the Balanced Budget Act which allows diabetes prevention and treatment grants to be administered
through the Indian Health Service. The Special Diabetes Program for Indians (SPDI) was reauthorized in
2002, and now there are 36 programs nationwide with more than 11,000 total participants. Over the past ten
years of the program, participants have seen a 50% reduction in retinopathy and a 54% reduction in kidney
failure due to diabetes. In addition, rates of obesity in adults and children have stabilized for the first time.

▪ Dr. Manson explained that obesity and diabetes rates in AI/AN populations began
increasing in the 1920s, when the government began replacing traditional foods with
canned meat and fish, bread, and sugar. Many unhealthy "traditional" Indian foods, like
frybread, were actually introduced into the community by the federal government. According to Dr.
Manson, participants under the DPP have changed their diets to return to indigenous foods and are
developing their own gardens. These behavioral changes are a real sign of success for the DPP, and it
was reassuring to hear from Dr. Manson that we have strategies that work, though getting this
treatment to all the people in-need (in hard to reach rural areas, no less) will require much more
persistence going forward.

Policy Solutions to Improve Diabetes Care in Rural America

Janice Probst, PhD (University of South Carolina, Columbia, SC)

Dr. Janice Probst, Director of the South Carolina Rural Health Research Center, described the intimidating
challenges in rural healthcare and also gave a few policy recommendations to help stop the bleeding. Access to
healthcare in rural areas has always been an issue, and as America continues to urbanize, the situation
continues to get worse. From 2005-2009, 41 rural health centers closed; from 2010-2018, 83 centers closed,
while >600 centers are currently deemed financially vulnerable. Lack of access to healthcare, proper
nutrition, and oftentimes education has led to a growing gap in rates of diabetes between rural and urban/
suburban populations. The difference in age-adjusted diabetes death rates between rural and suburban areas
has increased from 22% in 1999-2005 to 41% in 2010-2016. Dr. Probst said that healthcare is not necessarily
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the most powerful tool to improve health in rural communities, but it is the biggest tool we have at state and
federal government levels. The most important thing to do, in her view, is to stop the exodus of physicians and
healthcare providers from rural areas. Dr. Probst suggested expanding the various incentive programs for
HCPs in rural areas, such as the National Health Service Corps, Indian Health Service Loan Repayment
Program, state-based programs for rural practice, and also state-based J-1 visa programs for foreign
physicians. Another important policy initiative Dr. Probst talked about was expanding education, research,
and outcome tracking in rural areas. An estimated 62% of rural counties do not have an ADA-approved
Diabetes Self-Management Education program. Research programs often happen at academic medical
centers, which are rarely found in rural areas. In addition, CDC and other research grants often have
requirements to meet a minimum number of people, which further promotes research to occur outside of
rural communities. All these issues must be addressed if significant progress is to be made in improving
diabetes in rural America.

▪ Another key solution will be expanding diabetes prevention programs to rural areas.
As an illustrative example, Dr. Probst showed a slide with DPPs available near certain ZIP codes.
The CDC lists 1,787 DPPs on its registry. Within 20 miles of Columbia, SC (where the University of
South Carolina is located), there are 12 programs listed. However, there is not a single program
located within 50 miles of Guymon, OK (located in the panhandle of Oklahoma).

Oral Presentations: Prediction and Prevention of Cardiovascular Disease

A Cost Analysis of Intensified vs. Conventional Multifactorial Therapy of Patients
with Type 2 Diabetes - The Steno 2 Study

Joachim Gaede (University of Copenhagen, Denmark)

Mr. Joachim Gaede, a graduate student at the University of Copenhagen, defended the multifactorial
intervention used in Steno-2 as highly cost-effective. As background, the Steno-2 trial randomized 160 Danish
type 2 diabetes patients with microalbuminuria to either a conventional treatment that adhered to national
guidelines or to intensified multifactorial intervention that targeted hyperglycemia, hypertension, and
dyslipidemia simultaneously. Previous reports have shown that multifactorial intervention lowered
microvascular risk by ~50% in four years, reduced all-cause mortality by 45% in 21 years, and lowered risk for
heart failure hospitalization by a whopping 70% in 21 years. On top of these compelling clinical benefits, Mr.
Gaede offered a new economic argument for multifactorial approaches to diabetes. The overall cost of
intensified treatment was not meaningfully different from the cost of conventional care (€9,850,964 vs.
€9,304,795 between 1996-2014, p=0.6). The cost per patient-year was actually significantly reduced with
intensified treatment (€8,725 vs. €10,091, p=0.045). Mr. Gaede explained that the higher costs for
prescription drugs per year in the intensified group (€2,680 vs. €2,387, p=0.0006) led to dramatically
reduced costs for inpatient services due to CV complications (€1,331 vs. €2,213, p=0.002). These results
highlight the importance of aggressive and early approaches to diabetes treatment, as the costs of intensive
early treatments are more than clearly paid off by savings due to mitigating risks of more costly complications
down the line. We wonder whether this same trend applies in prediabetes, because accumulating evidence has
established a significant link between prediabtes and CV disease as well. Could treating dysglycemia even
earlier in disease development prive to be cost-effective?

Oral Presentations: Dynamic Approaches to Improve Glycemic Control and
Primary Diabetes Care

Cost-Related Insulin Underuse Is Common and Associated with Poor Glycemic
Control

Darby Herkert (Yale University, New Haven, CT)

Ms. Darby Herkert presented the results of a cross-sectional survey (n=199, 56.2% response rate) from the
Yale Diabetes Center (YDC) which indicated that >25% of patients underuse insulin due to cost. What's more,
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these patients underusing insulin are more than 3x as likely to have an A1c ≥9%. Survey participants were
type 1s or type 2s older than 18 who had been prescribed insulin within the past six months; all were
outpatients at the YDC between June-August 2017. Insulin underuse was measured by the following
questions: "In the past 12 months, did you … (i) use less insulin than you were prescribed; (ii) try to stretch
out insulin; (iii) take smaller doses of insulin than prescribed; (iv) stop insulin; (v) not fill an insulin
prescription; or (vi) not start insulin … because of cost?" Multivariable analyses were used to delineate the
characteristics most significantly associated with insulin underuse and poor glucose control. Of the 199
patients who participated, 25.2% answered "yes" to one or more of these questions. Those in a middle income
bracket ($25,000-$100,ooo annual salary) were more likely to underuse insulin vs. those earning >$100,000
each year in salary. Interestingly, patients in a lower income bracket (<$25,000/year) reported slightly less
cost-related insulin underuse compared to their counterparts in the middle bracket (although insulin
underuse was still more common compared to the highest income bracket). Ms. Herkert suggested that this
may be explained by eligibility for Medicare. Nevertheless, patients with prescription drug coverage co-
sponsored by the government were overall more likely to underuse insulin vs. patients with employer-
sponsored prescription drug coverage. Lastly, cost-related insulin underuse was significantly correlated with
poor glucose control (A1c above 9%), with an odds ratio of 3.12 (95% CI: 1.17-8.91). Ms. Herkert
acknowledged that this association may be only correlational due to the cross-sectional setup of the survey. Of
course, it wouldn't be surprising to see higher A1c in people sub-optimally using insulin therapy, and it's
possible that financial concerns extend to other aspects of healthcare as well (other non-insulin diabetes
meds, healthy food, etc.). With insulin prices approximately quintupling since 2004 (per Ms. Herkert's
presentation), we could not agree more with her concluding sentiment: better access to more affordable
insulin - a life-saving medication - is urgently needed. We don't see the field working collaboratively enough
on other areas that need even more focus on spending - dialysis, CVD etc - and we'd love to see more of this.

The Clinical and Economic Effects of Switching Medicare Beneficiaries with Type
2 Diabetes from Analog to Human Insulin

Jing Luo, MD (Brigham and Women's Hospital, Boston, MA)

Dr. Jing Luo discussed a public health intervention study piloted by CareMore, which found that switching
Medicare beneficiaries with type 2 diabetes from analog to human insulin resulted in a small increase in A1c
alongside a significantly reduced risk of reaching the Part D coverage gap (also known as the "donut hole").
CareMore evaluated data from 14,635 members who filled one or more insulin prescriptions between January
1, 2014 and December 31, 2016 (221,866 filled insulin prescriptions in total). The insulin conversion
intervention involved formulary changes, with select plans moving analog insulin products containing
glargine, detemir, or aspart from tier 6 ($0 copay) to tier 3 (~$38 copay with additional out-of-pocket
expenses in the coverage gap). Human insulin products remained on a tier with a $0 copay for all patients
participating. Altogether, the program decreased the proportion of prescriptions filled by analog insulins from
90% to 30%. Mean baseline A1c at the beginning of the study was 8.46% and decreased at a rate of 0.02% per
month (p<0.01) during 2014. Once the conversion program began in 2015, A1c rose 0.14% from baseline to
8.60% (p<0.01) at a mean rate of 0.02% per month (p<0.01). There was no significant change in A1c beyond
this point. Importantly, greater human insulin use did not significantly increase severe hypoglycemia or
hyperglycemia rates in this cohort. Patients who switched to human insulin were 55% less likely to reach the
coverage gap compared to those who stayed on analog insulin (HR=0.45, 95% CI: 0.43-0.48, p<0.001). Based
on these results, Dr. Luo suggested that HCPs should seriously consider switching patients from analog to
human insulin as a cost-saving measure. Make no mistake - we stand by the benefits of insulin analogs in the
real world, because the abundance of data points to greater hypoglycemia risk, less patient convenience, and
worse glucose control with human insulin. That said, it's true that the skyrocketing cost of insulin is forcing
more patients to revert to human insulin and indeed for some patients, this insulin is workable. As Dr. Irl
Hirsch said at Endo Fellows earlier this year, some patients today can afford CGM but can't afford an insulin
analog prescription. "How crazy is that?! You can use 2018 technology with 1980s insulin." Given this sad-
but-true trend, it's important for providers to be well-trained on how to safety and effectively use human
insulin in their patients. Dr. Hirsch offered some of these clinical pearls at Endo Fellows, and he's also co-
authored papers on the subject in JAMA.
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▪ It's also crucial to note some of the limitations to this study, especially before
advocating for more human insulin use in Medicare. With only severe hypoglycemia and
hyperglycemia events recorded, it's possible that moderate hypoglycemia and hyperglycemia
episodes as well as time-in-range were more significantly affected by the switch in insulin types. It's
also plausible that non-specified, co-occurring policy interventions were confounders in this analysis
(i.e. they were the actual cause of favorable results in this patient cohort).

Oral Presentations: Race and Societal Influences on Diabetes

Neighborhood Walkability and Diabetes Complications

Gillian Booth, MD (St. Michael's Hospital, Toronto, Canada)

Dr. Gillian Booth shared a fascinating analysis that found significant correlations between walkability of one's
neighborhood and diabetic retinopathy or nephropathy. Prior research has linked walkability to lower BMI,
increased HDL, and lower rates of diabetes - while none of this is particularly surprising, we see immense
value in having empirical evidence supporting the importance of built environment, because this data will be
key in building a case that's compelling to policymakers and that sparks more investment in prevention. Dr.
Booth's study looked retrospectively at 439,392 adults living in the Ontario metropolitan area; data was
retrieved from provincial medical and claims records. Walkability, split into quintiles, was computed as a
composite of residential density, street connectivity, and quantity of walkable destinations. Baseline
characteristics of neighborhoods with high vs. low walkability were roughly similar, although the latter group
was comprised of more immigrant and low-income individuals. Comparing the highest and lowest quintiles of
neighborhood walkability, Dr. Booth reported 13% greater risk for retinopathy (HR=1.13, p<0.001) and 33%
greater risk for nephropathy (HR=1.33, p<0.001) in low walkability areas. Retinopathy risk was especially
mitigated for younger males living in more walkable neighborhoods. There was no significant association
between walkability and incidence of end-stage renal disease (ESRD), although Dr. Booth noted that young
men in regions of low walkability did experience significantly more ESRD. This study additionally analyzed air
pollution effects, and Dr. Booth reported a 27% increase in risk for foot complications in polluted vs.
unpolluted areas (HR=1.27, p<0.001). She mentioned that there was no significant relationship between
pollution and diabetes prevalence. Dr. Booth urged the audience to consider how glucose control mediation
drives these correlations between neighborhood walkability and microvascular complications of diabetes.

Oral Presentations: Enhancing the Use of Diabetes Prevention and
Cardiovascular Risk Factor Control

Ten-Year Trends in Consumer-Directed Health Plan Enrollment and Out-of-
Pocket Costs among Commercially Insured Members with Diabetes

J. Frank Wharam (Harvard Medical School, Boston, MA)

Mr. J. Frank Wharam presented a study demonstrating that employers are increasingly offering high-
deductible health plans (HDHPs) which leads to higher out-of-pocket (OOP) costs for people with diabetes.
HDHPs offer lower premiums in exchange for higher annual deductibles (~$1,000-$6,000 according to Mr.
Wharam). These plans were designed to reduce monthly costs to patients while incentivizing healthy living so
as to avoid having to pay the full deductible. Mr. Wharam's study used time-series data of medical, pharmacy,
and hospitalization claims from all patients younger than 65 who were insured by Optum for at least one year
between 2005-2014. These data were stratified into (i) patients without diabetes or CV disease; (ii) patients
with diabetes but no CV disease; and (iii) patients with diabetes and CV disease. In the cohort of people with
diabetes but no CV disease, enrollment in HDHPs increased by an average 2.5% per year over 2005-2014
(p<0.001), rising from 1.3% in 2005 to 23.2% in 2014. People with both diabetes and CV disease showed a
slightly slower increase in enrollment, with 19.5% enrolled in HDHPs by 2014. Lastly, 28.7% of patients
without diabetes or CV disease (the most of any subgroup) were enrolled in HDHPs in 2014, and this cohort
also experienced a faster increase in enrollment than either of the groups with diabetes. Mr. Wharam
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explained that patients with a chronic condition are more inclined to choose a low-deductible plan when one
is available. Higher HDHP enrollment translated to significant increases in OOP costs in this analysis,
particularly for those with diabetes. In the final year of the study, patients with diabetes enrolled in a HDHP
paid, on average, ~$2,100 OOP vs. ~$1,400 paid by those enrolled in other insurance plans (p<0.001). These
statistics are moving and serve as strong evidence that HDHPs are not accomplishing what they were
designed to do for patients with diabetes, and it is a serious problem if these are the only health insurance
plans that employers are offering their employees. Of note, this study looked at data from only one health
insurer, and we recognize that the results can't necessarily be extrapolated to the commercial insurance
landscape as a whole. Nevertheless, the trend toward more HDHP enrollment is troubling, and we see
significant room for improvement in how these plans are designed so that both patient and payer see cost-
savings.

Cost-Effectiveness of Structured Lifestyle Programs for Diabetes Prevention in
the Medicaid Population

Michael Laxy, PhD (CDC, Atlanta, GA)

Dr. Michael Laxy discussed a computational study suggesting that extending DPP coverage to Medicaid could
pay off. Under the most conservative estimates, Dr. Laxy reported that Medicaid DPP reimbursement would
be of good value to the healthcare system as a whole and to Medicaid in particular 25 years down the road.
Population characteristics (CMS and NHANES), quality of life measurements (MEPS), CV event incidence
(ARIC and CARDIA), and cost data (CMS) for eight states (AL, CA, CT, FL, IA, IL, NY, and OK) were collected
and fed into the CDC-RTI Diabetes Cost-Effectiveness Model. To be eligible for the simulation, patients had to
a have a BMI >25 kg/m and an A1c >5.7% or fasting plasma glucose >110 mg/dl; all were Medicaid2

beneficiaries. Diabetes incidence was estimated at 3% for those age 18-44, 6% for those age 45-64, and 5% for
those older than 64. With the DPP, it was estimated that diabetes incidence would decline 24% in year 1, 12%
in years 2-10, and 6% after year 10. The cost of the DPP to the patient was estimated at $600, while the
annual cost of diabetes treatment falls somewhere between $1,000-$3,500. The model output that ~4.3
million Medicaid beneficiaries could yield cost-savings from the DPP, given that 66% of Medicaid patients
with prediabetes are below the age of 45. Cost-effectiveness ratios (ICERs) for the intervention were
forecasted 5, 10, and 25 years into the future from a healthcare system perspective. While no simulation was
cost-effective at five years (<$50,000/QALY), nearly all were cost-effective after 10 years. And after 25 years,
all simulations were significantly cost-effective, even those made under the most conservative of estimates.
From a state Medicaid perspective, the ROI was slightly lower due to additional constraints: For example,
most beneficiaries lose coverage once they reach age 65 and often go in and out of eligibility while under
Medicaid. However, even if beneficiaries who are insured only 50% of the time until they reach age 65 are
covered for the DPP, Dr. Laxy showed that the undiscounted accumulated costs of the intervention would be
zero after just over 20 years. Assuming a 20% DPP participation rate over 25 years, Dr. Laxy estimated that
the upfront cost of DPP-like lifestyle interventions for the Medicaid population is rather high - ~$1.1 billion
for the eight states in the model and ~$2.6 billion for all 50 states - but affirmed that it is cost-effective in the
long-term, with ~$650 million in savings for the total healthcare system and ~$140 million in savings for
Medicaid. Dr. Laxy's talk reminded us of the persistent challenge with investing in prevention - the payoff
shows up over the long-term, and unfortunately, politicians and policymakers are primed to think short-term.
Nonetheless, we're encouraged by these findings (even though they were only computational), and we hope
they resonate with some policymakers as we push for a forward-thinking approach to prediabetes care.

A Comparison of the Impact of the 2017 ACC/AHA Hypertension Guidelines on
Primary Care Populations With and Without Diabetes

JoAnn Sperl-Hillen, MD (HealthPartners Institute, Bloomington, MN)

The new ACC/AHA blood pressure guidelines were announced to great fanfare at AHA 2017 - making 130
mmHg systolic the new threshold for hypertension, vs. the previous 140 mmHg - but Dr. JoAnn Sperl-Hillen
presented an analysis to suggest that the more aggressive blood pressure goals could place undue on primary
care settings. This study looked at EMR data from 207,163 adults age 40-75 in two large care systems in
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Minnesota and Wisconsin. Dr. Sperl-Hillen calculated the percentage of patients who will qualify as having
stage 1 hypertension under the new guidelines, and she noted what treatments would be recommended for
each patient. According to the data, the proportion of patients in these care systems with stage 1 hypertension
would rise by 33% (from 25% up to 58%), and this increase would be uniform among people with diabetes
(24% up to 57%) and those without (29% up to 62%). Adoption of the ACC/AHA guidelines would also
translate to noteworthy CV care considerations for all patients with stage 1 hypertension. Dr. Sperl-Hillen
explained that consideration of treatment intensification was much more common for diabetes patients
compared to those without diabetes (77% vs. 39%, p<0.001) because people with diabetes are often already on
some form of blood pressure control regimen. For those not already on blood pressure medication, ACC/AHA
highly recommends lifestyle change in the 130-140 mmHg range; in fact, proponents of the new guidelines
have argued that a lower threshold for hypertension won't greatly increase healthcare costs because there's a
strong emphasis on lifestyle intervention prior to medication. Dr. Sperl-Hillen countered that medication
costs could increase substantially for diabetes patients, because they're more likely to already be on
background anti-hypertensives. In this analysis, lifestyle modification was more frequently recommended (as
opposed to medication) in people without diabetes compared to those with diabetes (38% vs. 14%, p<0.001);
medication initiation was more frequently recommended in patients with diabetes vs. those without (9% vs.
7%, p<0.001). Dr. Sperl-Hillen reported that under the ACC/AHA guidelines, additional attention would be
needed for 62% of patients with diabetes and for 57% of patients without diabetes - she stressed that this
could introduce excess burden on primary care providers, particularly those who treat diabetes.

▪ This was a very interesting point of view, one that admittedly, we hadn't considered
before. When ACC/AHA announced their new blood pressure guidelines last year, we were excited
by the prospect of catching hypertension earlier and making more patients/providers aware of it. We
loved the focus on lifestyle change, but didn't necessarily realize that many in the diabetes patient
population would be accelerated more quickly to medication. It's already hard enough for people
with diabetes to afford all their prescriptions, and we wouldn't want to exacerbate that challenge,
although if there's an additional therapy that could help them we'd hope payers see the value in that
and offer reimbursement. The increased burden on PCPs and primary care clinics is also duly noted,
and we're glad that Dr. Sperl-Hillen brought this point to the table. In our view, this is another
reason we need more coordinated care across cardiology and diabetology, and we're also hopeful
that future decision-support technology could aid providers in making diagnoses and prescribing the
right therapy. That said, decision-support systems are still a ways off, and we acknowledge that
ACC/AHA's latest recommendations may be challenging for some clinics to implement. We do
implore that payers heed these guidelines and expand access to anti-hypertensive meds for patients
who stand to benefit.

▪ Very notably, ADA did not adopt the new ACC/AHA recommendations for its 2018
Standards of Care. ADA continues to suggest a blood pressure goal ≤140/90 mmHg for
patients with diabetes. In general, this highlights the controversy surrounding the new ACC/
AHA guidelines, in that not all professional organizations agree. At AACE 2018, Dr. George Bakris
explained ADA's rationale in maintaining ≤140/90 mmHg as the target. He reviewed a series of
studies and post-hocs to show that for diabetes patients, specifically, there's little added benefit to
reaching systolic blood pressure ≤130 mmHg after you've already reached ≤140 mmHg (he did not
contest that there's additional benefit to lower blood pressure for people without diabetes). Dr.
Bakris also emphasized that personalization of blood pressure target is key. As he put it, the ADA's
2018 Standards of Care don't suggest that no patient with diabetes should aim for blood pressure
≤130 mmHg systolic; rather, this document maintains that ≤140 mmHg could work for the majority
of diabetes patients but that patient and provider should work together to define the right treatment
goals.

▪ On the other hand, we think it's important to keep in mind that diabetes patients
already face high residual risk for CV events. In that sense, more aggressive approaches to
CV biomarkers like blood pressure and LDL cholesterol could be strategic, provided this can be done
safely. Given how rampant clinical inertia is in diabetes care, we like the idea of nudging patients/
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providers toward blood pressure control measures at a lower threshold. We expect much more
discussion of blood pressure guidelines (for people with and without diabetes) in the coming
months; we look forward to continued learning as our understanding of this subject continues to
evolve.

Posters

Software Price Modeling of Semaglutide and Ertugliflozin

B Eilerman and L Testa

According to a value-based price modeling algorithm, a fair price for new diabetes therapies Ozempic (Novo
Nordisk's semaglutide) and Steglatro (Merck/Pfizer's ertugliflozin) would be $825 and $225-$275 per month,
respectively - these are very different prices that we're surprised to hear. Two complementary posters outlined
the rationale behind these software price modeling findings. For each drug, the model used clinical trial and
insurance data to estimate a weighted composite score to reflect the agent's overall benefit for the population
(across A1c-lowering efficacy, cost, body weight effects, side-effects, and ease of adherence - particularly on
this last factor, we're unsure of the assumptions) if it were prescribed to everyone. Next, the model predicted
how this population-wide composite efficacy score would fall and per-patient healthcare costs would grow
with a lower and lower percentage of the population taking the drug, as the agent becomes more and more
expensive. Finally, the model determined the point at which the healthcare savings from the drug surpass its
price. Though these calculations were performed at the population level, the algorithm from this study is
currently being developed into a commercial product called PATH to help HCPs optimize diabetes therapy
choice at the individual level, depending on a drug's medical benefits, ease of use, cost, and the patient's
particular clinical profile and insurance plan. As we have limited exposure to leading health economists, we're
not yet certain of how to assess this way of estimating the value of a drug (particularly since our first thought
is the drugs would not be developed if these were the prices and second because we aren't sure about the
assumptions that went into adherence), and we'd be interested to learn more about the assumptions and then
to see this modeling approach applied to combination therapies. Beyond HCPs, we imagine this model could
be useful for payers in determining the extent to which different diabetes drugs are reimbursed, though we
wouldn't want to introduce additional formulary restrictions or exclusive contracting and though it's early to
assess.

▪ At our local CVS, Ozempic is listed at $862/month, while the list price on Steglatro is
$319/month. While both are higher than the estimated fair prices from this poster, there are
caveats: List prices could differ across pharmacies, could change over time (both products only
became available in 1Q18), and only mean so much without factoring in patient discount programs
and insurance coverage. We certainly wouldn't oversimplify US drug pricing by suggesting what list
prices should be on Ozempic, Steglatro, or any other diabetes product, for that matter, particularly
given that it's complicated to assess what would even be developed. That said, the discrepancy
between "fair price" and list price is another sign of pricing differences throughout the world and the
degree to which the US is under continued pressure to subsidize R&D, even relative to other high-
income countries. We also believe rebating for PBMs in the US is negatively impacting
manufacturers and patients alike - we also acknowledge that we're far from expert in understanding
what the "middlemen" do.

▪ Indeed, we're curious how these price estimates would change with different
assumptions in the model. The current model weighed A1c-lowering efficacy and cost extremely
heavily in ascertaining the overall benefit of a drug (37% each), vs. only 10% weighting for side-
effects and weight loss and 6% for ease of adherence - the latter strikes us as extremely surprising
(and indeed, adherence obviously reflects things like weight neutrality or weight loss, etc).
Ultimately, we can't imagine anyone "patient-centered" who would agree with the weightings for
weight loss and ease of adherence, which strike us as beyond "low": Weight loss is incredibly
meaningful for quality of life for many patients (as noted, it is related to adherence for many, by
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promoting treatment satisfaction), and ease of adherence is the name of the game for whether a
patient takes a therapy in the first place. How a drug is developed? That's another story …

Impact of Switching from Sulfonylureas to Dipeptidyl Peptidase-4 Inhibitors on
Hypoglycemia Burden in the United States - A Predictive Modeling Approach

J Liu, Y Tang, H Hannachi, S Engel, S Rajpathak

Merck estimated the effect of switching patients with type 2 diabetes from sulfonylureas (SUs) onto DPP-4
inhibitors. According to a predictive Poisson model, switching patients from SUs to DDP-4s would reduce
hypoglycemia events in the US by 40%, with direct cost-savings of $586 million over one year. Data for the
model was gathered from 62,869 patients (38,913 on SUs, 23,956 on DPP-4s) in a Truven Health Analytics
MarketScan database from 2014. The incidence of hypoglycemia per 100 person-years was 6.4 with DPP-4
inhibitors vs. 10.6 with sulfonylureas. This poster assumed that a single hypoglycemia hospitalization runs a
bill of $10,362, meaning the direct costs of hypoglycemia could have dropped from $699 million to $113
million if everyone taking an SU in 2014 was prescribed a DPP-4 inhibitor instead. In our view, this is exactly
the sort of cost-effectiveness analysis we need to advance real-world diabetes care and to secure stronger
reimbursement for better drugs. The only reason sulfonylureas are so frequently prescribed today is their low
cost, but it seems like a branded DPP-4 inhibitor would be more than worth it from a cost perspective (not to
mention the added quality of life that comes from avoiding hypoglycemia) for patients early in their disease
progression.

Behavior Change of Participants in Group vs. Individual DPP Weight Loss
Interventions - The SHINE Study

P Trief, L Delahanty, D Cibula, R Weinstock

The Support, Health Information, Nutrition, and Exercise (SHINE) study compared two types of telephone
translations of the DPP: Participants (n=257) with prediabetes were randomized to either individual DPP
intervention or to a group conference call with up to eight people per group. The DPP curriculum consisted of
16 sessions delivered over a year by primary care staff and coaches; contact with participants also continued
for a second year. Participants in the group call arm increased their physical activity from baseline by 71
metabolic equivalents (mets)/week after six months, by 139.5 mets/week after one year, and by 255 mets/
week after two years. There was no significant change in physical activity for people in the individual call arm
until the two-year mark (+102 mets/week), which suggests that group DPP intervention may actually be more
efficient in promoting behavior change. We can definitely envision how a group setting increases patients'
sense of support, engagement, and accountability. Participants in the group call arm of SHINE showed
consistent decrease of dietary fat intake, with -1.4% of calories from fat vs. baseline at six months, 12 months,
and two years. Dietary fat intake fell by a larger margin at six months (-2.6%) and one year (-2.9%) in the
individual call arm, but at two years, this result was no longer significantly different from baseline. Despite
some concerns that group conference calls might be less effective than individually delivered interventions,
the results from this poster appear to suggest the opposite - that group calls may be more effective at creating
behavior change. Group settings might also make the DPP more cost-effective (and more scalable), so this is
certainly an intriguing finding. That said, we can't make broad-sweeping conclusions from a single, relatively
small study, and to this end we hope to gain much more insight into group DPP from future research.
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Epidemiology and Education

Oral Presentations: The Impact of Diabetes Interventions and Behaviors on
Outcomes

Evaluation of Treatment Persistence in Individuals with Type 2 Diabetes in a Real-
World Setting

Lisa Latts, MD (IBM Watson Health, Cambridge, MA)

Dr. Lisa Latts, Deputy Chief Health Officer of IBM Watson Health, shared dismaying real-world evidence
indicating that a majority of people with type 2 diabetes ultimately discontinue therapy. In collaboration with
ADA, IBM Watson Health researchers analyzed insurance claims data from >300,000 people with type 2
diabetes. After three months, 31% of patients had discontinued their diabetes medications altogether; by six
months, this increased to 44%, and by one year to 58%. Troublingly, of the patients who discontinued
medication, fewer than half (40%) eventually restarted. A figure strikingly illustrated this, with insight into
the specific therapy: Virtually all patients in the database started with metformin as their initial treatment.
The minority who didn't discontinue therapy remained on metformin monotherapy one year later, and a very
small fraction transitioned to another diabetes therapy - predominantly metformin/SU combos, metformin/
DPP-4 inhibitor combos, and standalone SUs or DPP-4s. We were disappointed but not surprised to see that
only a vanishingly small fraction of people in the database advanced to SGLT-2 inhibitor therapy, and GLP-1
agonists were not even listed (consistent with recent real-world prescription trends data from Diabetes Care
suggesting that only 4%-7% of people with diabetes have ever been prescribed one of these advanced agents).
To quote Dr. Latts, these trends are "alarming," and showcase front-and-center two of the foremost challenges
in type 2 diabetes care: Low adherence on the part of patients and clinical inertia on the part of HCPs. It goes
without saying that access challenges underlie both of these factors, and we're interested in any measure that
might improve affordability of diabetes drugs. Behavior change strategies and diabetes management
education could also go a long way to reinforce the importance of continuing diabetes therapy, and
intensifying as needed. Indeed, we were reminded of the common misconception that more prescriptions are
equated with being "more sick" in type 2 diabetes and other chronic diseases, and we see a vital role for
education to play in setting the record straight.

▪ Dr. Latts pointed out that these results likely overestimate treatment persistence
because claims data only reflects whether prescriptions were filled - not whether the
individual actually took the medication. This makes this entire IBM Watson analysis even
more devastating. That said, Dr. Latts noted that the analysis also doesn't capture any medications
that were obtained without insurance - for example, inexpensive human insulin or generic drugs at
Walmart.

Oral Presentations: Race and Societal Influences on Diabetes

Mediators of the Racial Disparity in Diabetes Incidence - The Reasons for
Geographic and Racial Differences in Stroke (REGARDS) Study

April P. Carson, PhD (University of Alabama, Birmingham, AL)

Dr. April Carson presented this important epidemiological study on the incidence of diabetes across different
racial groups. She established that incidence of diabetes increases with age, but rises in African Americans at
twice the rate vs. Caucasian Americans, and she then used the REGARDS dataset to elucidate the factors
underlying this disparity. Ten-year diabetes incidence was assessed in 7,304 participants via a baseline exam,
biannual follow-up calls, and a final in-person exam. Results were sex-adjusted, and Dr. Carson noted
differences for men vs. women. Among men, only lifestyle factors contributed significantly to increased
incidence of diabetes in African Americans compared to Caucasian Americans. In women, however, all factors
but clinical ones contributed to racial disparity in incidence. The main results from Dr. Carson's talk are
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summarized in the table below. After adjustment for all factors, race alone accounted for 4.2% and 28.1% of
disparity in diabetes incidence among men and women, respectively. Cumulative 10-year type 2 diabetes
incidence was 18% in Black women (n=1,349), 8% in white women (n=2,734), 16.5% in Black men (n=648),
and 11% in white men (n=2,573).

Adjusted risk ratios of diabetes incidence in Black vs. white individuals, by sex:

Adjusted risk ratio (95% CI)Model
Women Men

Base model (adjusted for age,

prediabetes)

1.75 (1.48, 2.08) 1.35 (1.11, 1.66)

Adjusted for base model +

demographics

1.62 (1.35, 1.94) 1.27 (1.03, 1.56)

Adjusted for base model +

anthropometrics

1.46 (1.23, 1.72) 1.30 (1.06, 1.60)

Adjusted for base model +

lifestyle

1.61 (1.36, 1.91) 1.28 (1.04, 1.56)

Adjusted for base model +

diet patterns

1.42 (1.16, 1.74) 1.23 (0.97, 1.56)

Adjusted for base model +

clinical

1.83 (1.53, 2.20) 1.45 (1.17, 1.79)

Adjusted for all factors 1.50 (1.20, 1.87) 1.34 (1.06, 1.69)

Oral Presentations: It's Not Too Late, Baby - Outcomes in Gestational
Diabetes Mellitus

Prevalence and Trends in Gestational Diabetes Mellitus among Women in the
United States, 2006-2016

Tao Zhou, PhD (Tulane University, New Orleans, LA)

According to Dr. Tao Zhou, national prevalence of gestational diabetes (GDM) increased from 4.6% to 8.2%
(p<0.001) between 2006 and 2016, with differences emerging based on race, weight, income, and level of
physical activity. Dr. Zhou presented an analysis of 26,340 pregnant adult women from the National Health
Interview Survey. At the outset, he noted that this survey changed diagnostic criteria for GDM during the
period of the study, which may have skewed results. The rise in GDM prevalence over the decade 2006-2016
was greater in all ethnic minorities vs. non-Hispanic whites, and Dr. Zhou underscored that there was a
particularly noticeable jump among Asian women. Women with overweight/obesity (BMI 25-30 kg/m )2

experienced the greatest increase in GDM prevalence (+4.1%). As a result, the significant difference in 2006
between GDM prevalence in people with overweight and GDM prevalence in people with obesity no longer
existed by 2016. Continuing on, Dr. Zhou shared that family income as indexed by federal poverty level was
also correlated with GDM prevalence; the highest jump (+4.3%) occurred in those earning below 100% of the
federal poverty level. The study used WHO standards to assess total physical activity, categorizing women into
those completing an insufficient, sufficient, or high level of exercise per week. The greatest increase in GDM
prevalence (+5%) occurred among insufficient exercisers (<150 minutes/week). The knowledge of risk factors
for higher GDM prevalence (minority race, overweight/obesity, lower annual income, lower levels of physical
activity) should be used in screening for, preventing, and treating this disease. We're particularly interested in
healthcare solutions targeted toward pregnant women because this is a great "touch point" for education -
pregnant women/mothers are often more engaged in healthcare for the sake of their child, and we see
tantalizing opportunity here to lower the prevalence of GDM and also to lower the incidence of type 2 diabetes
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(since GDM is a major risk factor for developing type 2 later on). It's sad to see both these rates continue to
rise over time, and it's high time for more aggressive, strategic interventions.

Oral Presentations: High Risk Behavioral and Psychosocial Issues in
Diabetes

Associations between Executive Dysfunction and Disordered Eating Behavior
(DEB) Risk in Teens with Type 1 Diabetes (T1D)

Raquel Cecilia-Cost, MD (Joslin Diabetes Center, Boston, MA)

Teenagers with type 1 diabetes who exhibit irregular executive function measures, such as poor emotional
control and goal-setting, are more likely to show disordered eating behavior. Joslin's Dr. Raquel Cecilia-Cost
provided data to back up this claim. She evaluated 169 teenagers with type 1 (mean A1c 8.5%, 44% with
overweight/obesity), assessing global executive function through the BRIEF survey (Behavior Rating
Inventory of Executive Function) and measuring risk for disordered eating via the DEPS-R (Diabetes Eating
Problem Survey). High risk for disordered eating was significantly correlated with lower executive function
scores when looking at the self-report data (p=0.001), but not the parent-proxy survey data (p=0.13). Dr.
Cecilia-Cost's observations are certainly interesting, and we wonder how this knowledge could be leveraged
into more tailored interventions for children/adolescents with type 1 diabetes.

Symposium: Diabetes is Primary

The Psychosocial Side of Diabetes

William Polonsky, PhD (Behavioral Diabetes Institute, San Diego, CA)

During this pre-conference symposium targeted toward PCPs, Dr. William Polonsky stressed the need to
reframe patient/provider interactions so that patients feel more empathy, particularly for the distress often
associated with diabetes. Living with diabetes is tough, Dr. Polonsky stated simply; he equated it to a full-time
job in and of itself, but without pay or vacation days. He cited one study showing that it takes ~two hours per
day (!) to adhere 100% to an average diabetes treatment plan. Dr. Polonsky urged PCPs to be empathetic to
this experience, and to disregard the notion that patients with diabetes don't want to follow through on their
treatment plans. Poor adherence usually isn't due to lack of will, he explained. Rather, obstacles exist for
patients that interfere with optimal engagement. To promote more engagement in diabetes self-management,
Dr. Polonsky recommended an emphasis on the benefits of care and reducing obstacles to adherence.

▪ Dr. Polonsky reminded PCPs that diabetes is mostly an "invisible disease." This is
challenging for patients and providers alike. Since the benefits to anti-hyperglycemic therapy are
long-term, they often aren't as readily apparent to patients as the side-effects that come almost
immediately. Compounding this phenomenon is the emotional distress patients face, as Dr.
Polonsky explained how many are simply "fed up" with the rigors of adhering to treatment plans. In
order to address this problem, Dr. Polonsky suggested that HCPs ask a straightforward question to
their patients: "What's one thing about diabetes that's driving you crazy?" This question can make
patients comfortable sharing their distress and helps build a healthy relationship between patient/
provider. Dr. Polonsky endorsed the idea of communicating data with patients in a more
compassionate, interpersonal way. Instead of sending patients loads of inscrutable data, he
encouraged HCPs to give personalized A1c feedback to patients and to use the language of "safe and
unsafe zones" rather than "good or bad levels." Moreover, in order to make diabetes a more "visible"
disease, Dr. Polonsky underscored the importance of showing patients the efficacy of the treatments
they are prescribed. After all, "if you are asking them to make any sort of change, they are more
likely to do so if they have evidence that it's actually working."

▪ The focus on primary care was a notable aspect of this session. We're thrilled that even
PCPs are being encouraged to offer psychosocial support through their interactions with patients,
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though there's no getting around the fact that these doctors are busy and overworked as it is. To be
sure, endos face a similar challenge - enhancing empathetic patient interactions in a very limited
time, with limited resources. We see this a systems-level challenge, something that needs to be
addressed through medical education and support to healthcare providers. It's a fantastic first step
to make PCPs aware of this psychosocial side to diabetes, and we only hope that Dr. Polonsky's
important teachings are disseminated far and wide.

▪ Read more from Dr. Polonsky in this interview he did with diaTribe in July 2016.

Symposium: Mental Health Disorders and Diabetes Distress among Adults
with Diabetes

The Epidemiology and Impact of Mental Health Disorders among Adults with
Diabetes

Mary de Groot, PhD (Indiana University School of Medicine, Indianapolis, IN)

Dr. Mary de Groot began her sweeping overview of depression in diabetes with the powerful statement that
one in four people with diabetes will have depression in their lifetime - this rate of depression is 15% higher
than in the general population. According to Dr. de Groot, the prevalence of depression in diabetes is often
underestimated, as only ~11% of diagnostic interviews for mental disorders in people with diabetes come back
positive, while ~31% self-report feelings of depression. Historically, it was thought that this was a one-way
relationship, with diabetes paving the way for depression. However, this myth has been dispelled: Multiple
studies have shown a bidirectional relationship between the two conditions, including one 2013 study which
found a hazard ratio of 1.43 (95% CI: 1.16-1.77) for diabetes predicting depression and a hazard ratio of 2.02
(95% CI: 1.80-2.27) for depression predicting diabetes. Dr. De Groot underscored the recurrence and
persistence of depression in diabetes, with the majority of depressive episodes in diabetes patients lasting
longer than one year, and the time between depressive periods decreasing with each additional episode. These
episodes can also have a significant impact on a person's physical health, including her glucose control,
complication risk, adherence, medical costs, and even lifespan. In one study that Dr. de Groot referenced,
investigators saw a dose-dependent response in inflammatory markers based on depressive symptom scores.
In addition to a higher rate of depression, people with diabetes have a 122% higher rate of generalized anxiety
disorder compared to the background population, which can impair social, occupational, and educational
function. Dr. de Groot described how anxiety can enhance fear of hypoglycemia and other diabetes-specific
phenomena. She pointed to psychological insulin resistance as another manifestation of depression and/or
anxiety in people with diabetes - and this one has a clear impact on outcomes, because it prevents patients
from initiating or continuing optimal insulin therapy.

Diabetes Distress - Epidemiology, Impact, and Treatment

Kathryn Kreider, DNP (Duke University, Durham, NC)

Dr. Kathryn Kreider characterized diabetes distress as common, distinct from depression, and a diabetes
complication that should be screened for and treated as standard of care. She established that diabetes
distress is a rational, "somewhat expected" response to a life-changing illness, and she estimated its
prevalence between 18%-45%. Importantly, Dr. Kreider underscored that there are key differences between
diabetes distress and depression, a message we've also heard from behavioral diabetes expert Dr. William
Polonsky. Depression is characterized by sustained depressed mood, appetite/weight changes, sleep changes,
psychomotor agitation/retardation, fatigue, feelings of worthlessness, feelings of guilt, and diminished
concentration. While some symptoms of diabetes distress may look similar to depression, distress is a
negative emotional reaction specific to living with diabetes. Dr. Kreider outlined the signs of diabetes distress
as feeling unmotivated, burned out, overwhelmed, frustrated, defeated, angry, guilty, discouraged, denial, and
fear. Both depression and diabetes distress can manifest as poor self-care behaviors and lack of adherence and
the two often occur together, so Dr. Kreider highlighted the importance of routinely screening for both as
standard of care. She pointed to a variety of easy-to-use and quick screening tools for diabetes distress and
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encouraged clinicians to view diabetes distress as a complication that must be screened for routinely in clinic,
much like microvascular or macrovascular complications. She particularly highlighted variations on two
distinct diabetes distress screening tools, both developed by Dr. Polonsky: the Diabetes Distress Scale (DDS)
and Problem Areas in Diabetes (PAID). She noted that the DDS was developed in partnership with people
living with diabetes and is especially useful in assessing diabetes distress related to clinician/treatment or
motivation/behavior issues. On the other hand, the PAID scale does not contain questions related to clinicians
or care, but may be more useful in assessing emotional, diet, or complication worries.

▪ Dr. Kreider highlighted the power of beginning a conversation with patients about
diabetes distress and other mental health concerns. She acknowledged that it can seem
overwhelming to care for the many needs of a patient with diabetes and - under today's increasing
time pressure - clinicians may be wary about asking about diabetes distress for fear of opening the
door to a 45-minute conversation in a 15-minute visit. That said, asking about diabetes distress can
open a line of communication and help patients not feel so overwhelmed. Dr. Kreider provided
practical tips for non-mental health professional clinicians to help their patients with diabetes
distress. First and foremost, she pointed to the importance of assessing and understanding the
problem in order to develop an individualized plan. She also highlighted the value of diabetes
education, providing clear feedback, and encouraging shared responsibility and greater patient
ownership over their diabetes. Finally, she noted that some patients may need to be referred to a
qualified mental health professional for more support.

▪ Diabetes distress is a key concern for many people living with diabetes and we're so
glad to see this complication continue to get more attention within the diabetes field.
We're especially appreciative of Dr. Kreider's practical and compassionate advice for clinicians who
may want to address diabetes distress with their patients, but lack confidence in their time, capacity,
or knowledge to support these patients.

Diabetes among Patients with Complex Mental Health Disorders and with Use of
Antipsychotic Medications - Implications for Screening and Management

John Newcomer, MD (Florida Atlantic University, Boca Raton, FL)

Given that the prevalence of diabetes is twice as high in people with serious mental illnesses compared to the
general population, Dr. John Newcomer emphasized the importance of understanding how these conditions
interact. He drew on a variety of studies to delineate the effects of antipsychotics on people with diabetes. He
prefaced his talk by noting that antipsychotics have an FDA class warning for hyperglycemia and diabetes risk
due to lifestyle factors associated with serious mental illnesses such as smoking, inactivity, poor diet, and
obesity. Unfortunately, this has not translated to any change in the percentage of patients taking
antipsychotics who receive glucose or lipid testing (ideally, everyone on an antipsychotic therapy would be
monitored for these parameters). Citing one recent meta-analysis, Dr. Newcomer showed that 13 out of 17
antipsychotics evaluated induced statistically significant weight gain vs. placebo, although they have different
levels of risk for cardiometabolic adverse effects. Weight gain was observed as both visceral and subcutaneous
adipose tissue. In addition, Dr. Newcomer highlighted that several antipsychotics are associated with a
decrease in insulin sensitivity, with the caveat that as patients approach their BMI goals, their insulin
sensitivity increases. Compounding the risks associated with antipsychotics and diabetes is the fact that those
with mental illness are less likely to receive treatment in the first place due to access and financial issues. To
mediate patient risk, Dr. Newcomer suggested that clinicians prioritize medications with lower risks of
adverse cardiometabolic effects for those with diabetes, and emphasize monitoring, prevention, and
intervention with their patients.
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Caring for the Whole Patient - Best Practices for Managing Mental Health
Disorders and Diabetes

Mark Williams, MD (Mayo Clinic, Rochester, MN)

The stage was set nicely for Dr. Mark Williams, who sought to reconcile the disconnected manner in which we
co-treat diabetes and depression. As things currently stand, our health system tends to treat these conditions
as completely separate entities, despite the often-inextricable link between them (this was reinforced
repeatedly by the first two speakers in this symposium, Drs. Mary de Groot and John Newcomer). Dr.
Williams went on to describe how diabetes experts and mental health experts provide care in different places,
with limited communication between them. He advocated for collaborative care, evidence-based models in
which HCPs meet regularly to update one another on the care they are providing for the patient so as to come
up with team-based solutions to reduce patient burden and increase their overall capacity for care. Dr.
Williams discussed several potential models, though the majority of his remarks were focused on the
COMPASS (Care Of Mental, Physical And substance-use Syndromes) project. COMPASS evaluated an
11-month, treat-to-target collaborative care management model implemented in rural, urban, and suburban
clinics across eight states and 18 care systems. To be eligible for COMPASS care, patients had to have sub-
optimally managed depression + treatable diabetes (A1c >8%), sub-optimally managed CV disease (systolic
blood pressure ³145 mmHg or LDL ³100 mg/dl), or both. In the model, patients are initially evaluated by a
care coordinator and PCP. Based on the evaluation, a plan is created between these two and a psychiatrist,
and the healthcare providers then follow-up with the patient to adjust treatment. This cycle of evaluation,
planning, and adjustment repeats until the patient reaches his/her overall treatment goals. In the Mayo Clinic
subset of the study where Dr. Williams participated, 40% of patients experienced meaningful improvements
in their depression scores, 23% achieved A1c <8%, and 58% achieved normotensive blood pressure (<145
mmHg systolic). Dr. Williams emphasized that coordinated psychosocial support for diabetes patients can
improve mental wellbeing and yield better health outcomes (glycemia, CV biomarkers). He noted that there
were not statistically significant improvements in patient or clinician satisfaction with the care process. Few
details on the burden to HCPs or the cost to patients were presented, and we'd be curious to learn more about
COMPASS from these angles. In some ways, this model might seem idealistic - HCPs in diabetes care and
mental health alike are already overworked, so regular meet-ups for individual patients could be hard to scale
(though we wonder how technology could be deployed to ease that process). We also wonder how outcomes
with COMPASS differed across rural, urban, and suburban geographies, since the social determinants of
health are also having their moment in discussions of best practice diabetes care.

▪ Dr. Williams framed collaborative care as a means to resolve some of the issues that
currently exist within healthcare silos. For example, in a psychiatric access study, three
researchers posed as patients and called a total 360 psychiatrists in an attempt to make an
outpatient appointment using private, public, or out-of-pocket insurance. In two rounds of calling,
they had a success rate of only 26%, with the first available appointment an average of 25 days from
the date of calling (range 0-93 days). In a field where patients often need help immediately, these
results are alarming. Dr. Williams suggested that co-location of a psychiatrist at a primary care
facility would allow better access to psychosocial care and to diabetes care. He argued that this
would result in higher quality care and prevention of depression from the outset, thereby reducing
stress on the HCP as well. This was a fascinating response to critiques of coordinated care being too
idealistic, and we'll keep an eye out for more implementation of models like COMPASS in the real
world.
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Symposium: The Lancet Commission on Diabetes - Societal Solutions to
Combat Diabetes

Diabetes: A Global Epidemic Requiring Societal Solutions

Edward Gregg, PhD (CDC, Atlanta, Georgia)

CDC's esteemed Dr. Edward Gregg provided a tour-de-force on diabetes epidemiology, underscoring that the
scope of this epidemic is so great that "we can no longer treat our way out of this problem." He stressed that
action on the prevention front is now our greatest hope for addressing this public health crisis. Focusing
primarily on diabetes in the US and other high-income countries, Dr. Gregg described how (i) an
unprecedented climb in youth-onset obesity/diabetes plus (ii) declining rates of macrovascular disease and
mortality are translating to an increased incidence of long-term diabetes with a diversified and less
predictable range of complications and causes of death. Alongside all of this, he pointed out that our built
environment only enhances underlying diabetes risk. Against this backdrop, Dr. Gregg raised three guiding
principles for diabetes prevention: (i) Reduce diabetes incidence by changing environments and aiding high-
risk adults; (ii) Reduce diabetes complications and disparities by global improvement of coordination and
delivery of preventive care; and (iii) Embrace modernized population surveillance approaches to better
understand the scope of the problem. We acknowledge that all of this is easier said than done. Dr. Gregg
noted that the science base for diabetes prevention is "strong but unrealized" and political will behind this
remains painfully low, in large part because the time horizon to see results from the implementation of a
prevention intervention is so long. Despite these steep challenges, we were inspired by Dr. Gregg's call-to-
action: "Where can we prove diabetes prevalence projections to be an overestimate rather than an
underestimate? This is our charge."

▪ One of the most valuable takeaways from Dr. Gregg's remarks, in our view, was the
need to shift our perspective from a "diabetes population" to a "whole population"
perspective. In other words, though the incidence of macrovascular and microvascular
complications within the diabetes population has been encouragingly improving with more intensive
management and better therapies, "the picture is not as rosy at it seems" since the overall incidence
of these complications is still on the rise, given the underlying surge in diabetes prevalence.

Act Now to Change Environments for Preventing Diabetes and Evaluate Impacts

Nicholas Wareham, PhD (Institute of Metabolic Science, Cambridge, UK)

Dr. Nicholas Wareham emphasized that the classic model of medical implementation - RCTs for evidence,
then widespread implementation - must be reversed for chronic disease prevention initiatives; we need to
implement large programs and then collect data. He started his talk by discussing the efficacy of
individualized lifestyle change studies and programs like the DPP. He described these as highly efficacious,
but also quite expensive (the DPP costs $1,400 per person per year, according to Dr. Wareham's estimates).
Dr. Wareham then turned to more scalable, lower-costs prevention studies, and he argued that SMS text
messaging and peer support groups have also been effective when done right. Dr. Wareham passionately
declared that "we can't say 'I will wait for an evidence base before implementing a large-scale strategy'
because this is a recipe for inaction." He added, "right now we have insufficient evidence because we have
insufficient action." Interestingly, Dr. Wareham suggested that the current political climate is ripe for
intervention, particularly in countries like China, Mexico, and the US where the rise in prevalence of obesity,
poor diet, and sedentary lifestyles are exceptionally apparent and are frequently discussed as an epidemic.
We'd argue that there's not enough urgency around diabetes and obesity as public health crises, but Dr.
Wareham's positivity on this front was mostly refreshing. He used the metaphor of a smorgasbord vs. an a la
carte menu for prevention programs, arguing that there is no definitive or single recommendation for what to
do at the policy level but rather space for context-driven decisions. We appreciated Dr. Wareham's call-to-
action, and we definitely share his frustration with an overemphasis on scientific findings to the detriment of
executing solutions to poor population health, like implementing soda taxes (which actually even have
substantial evidence for their efficacy).
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Strengthening the System to Improve Diabetes Care and Access to Cost-Effective
Drugs

Juliana Chan, PhD (Chinese University of Hong Kong, Hong Kong)

Dr. Juliana Chan gave a passionate talk on what she sees as the key obstacles impending ideal diabetes care -
clinical inertia, low adherence, unaffordability, lack of personalized treatment, and a focus on inpatient care
rather than prevention. This last one resonated with us in particular: Payers tighten their purse strings when
it comes to reimbursing some of the more advanced diabetes therapies, failing to recognize that even though
they're more expensive, these drugs will prevent heart attacks, kidney failure, hypoglycemia, and other major
events that put people in the hospital. In other words, investing in prevention has a great ROI (and we think
this applies to primary as well as secondary prevention in diabetes). Dr. Chan's solution to these problems is
"IT enhanced integrated care," which is deeply rooted in data so that providers, payers, healthcare managers,
and really all healthcare stakeholders can make the right treatment and policy decisions. She recently
investigated the efficacy of a register monitoring outcomes and providing insights for 26,845 patients with
type 2 diabetes across 11 Asian countries. Insights from the register led to substantial improvements in A1c,
body weight, LDL, and blood pressure across all sites. The largest contributing factors to these improvements
were team changes, improved patient education, and improved patient self-management. Dr. Chan shared
stark statistics like 70% of deaths worldwide are due to NCDs, 10% of all healthcare costs are due to diabetes,
and there is a worldwide increase in health expenditures of 3.3% per year. Perhaps most sobering, she pointed
to a study showing that >10% of patients with type 1 and type 2 diabetes intermittently omitted insulin for a
total of one-two months over the past 12 months, and another study demonstrating major gaps in national
diabetes guidelines for various countries in terms of applicability, clarity, context, and dissemination plan. We
commend Dr. Chan on her work and hope systems will take her recommendations - increased collaboration
within and between systems to improve our data and decision-making capabilities seems promising as a
means to improve care quality and decrease costs.

Population and Health System Surveillance

Jonathan E. Shaw, MD (Baker IDI Heart and Diabetes Institute, Melbourne, Australia)

Dr. Jonathan Shaw argued that current epidemiological research focuses far too heavily on prevalence studies
at the expense of incidence studies, which he believes are the key to determining the effectiveness of
prevention programs. He pointed out that by emphasizing prevalence, we create a deceptive story that
increasing rates of diabetes mean more people must be getting diabetes each year ("oh no, we're failing!"). By
focusing on incidence, we get a very different story - that new-onset diabetes has been dropping since
2007-2008 (and presumably, that prevalence continues to climb because people with diabetes are staying
older longer). Dr. Shaw positioned incidence as the most important metric in population health science, one
that's well-suited to assess the effectiveness of prevention programs at the population level. That said, he
acknowledged that incidence is not easily captured by the "classic" epidemiological cohort study. Incidence
studies, he explained, are best conducted through evaluations of administrative data that will benefit from
large sample sizes with little to no volunteer biases and the ability to track responses to care, with the caveat
that uncertainty over measurement and coding methods may lead to other forms of bias and error. Dr. Shaw
underscored that researchers must be comfortable delving into these large administrative studies and
developing methodologies to decrease errors. Focusing on incidence rather than prevalence certainly makes
sense to us as the key to determining whether prevention programs are successful, with the addendum that
prevalence studies are still of enormous value for showing us the total burden of diabetes.

Questions and Answers

Q: I wanted to comment on administrative databases. I've done work with them in Brazil
which was mostly unsuccessful, but I've been impressed with the ability to easily get data from
those databases. They're quite dirty databases but you can easily pull them. And then you can
link from registries to the administrative databases on a continuous basis without much
expense.
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A: Yes, those systems are very different from country to country and jurisdiction to jurisdiction. I think the
strengths and weaknesses of administrative databases must be carefully understood, even within the context
of the jurisdiction. We need try to focus on the weaknesses of administrative databases to get improvements
in how we can use them. We need to push things to get more out of these data systems because we cannot
afford to not know what we're doing.

Symposium: New-Onset Type 2 Diabetes in the Youngest and the Oldest

Type 2 Diabetes in Children, Adolescents, and Young Adults

Sharon Saydah, PhD (CDC, Atlanta, GA)

CDC's Dr. Sharon Saydah described the rising prevalence of youth-onset type 2 diabetes, a trend she
attributed to climbing rates of childhood obesity as well as previous misclassification as type 1 diabetes.
Between 2001-2009, there was a 35% increase in youth type 2 diabetes prevalence in the US, with
proportionally higher rates in girls, Native Americans, and non-Hispanic blacks. Dr. Saydah elaborated that
youth-onset type 2 is particularly important to address because young people experience faster beta cell
function loss (this message became exceptionally clear with the presentation of RISE Peds results on Monday
afternoon). She explained how complications (including lower-extremity amputations and end-stage renal
disease) appear relatively faster when type 2 diabetes sets in at a younger age, and she also stressed that youth
show lower adherence to prevention goals compared to older adults. According to NHANES, there are an
estimated 1.6 million undiagnosed cases of type 2 diabetes among young adults in the US (defined broadly as
ages 18-44), with higher rates present in males, Hispanics, and uninsured populations. Dr. Saydah shared one
projection that US prevalence of childhood type 2 diabetes will rise from the current ~20,000 to ~90,000 by
the year 2050; this calculation assumes a 2.3% incidence increase per year. The epidemiology of childhood
obesity/diabetes is certainly bleak, and it was disheartening to see that neither insulin glargine nor metformin
helped preserve beta cell function in youth with type 2 or prediabetes in the RISE Peds study. But Dr. Saydah
ended her presentation with a glimmer of hope, pointing to encouraging findings from HEALTHY: In this
controlled interventional study, there was a marked decline in overweight/obesity among middle school
students. Scaling interventions like this across broader youth populations will be no easy feat, but it's
imperative - as Dr. John Buse suggested in his independent commentary on RISE Peds, the solution to youth-
onset type 2 diabetes (or at least, the near-term solution) most likely likes in public health and prevention
rather than medical care.

Symposium: Implementing Technology-Enabled Diabetes Care
Management Processes for Population Health - Conception, Build,
Implementation, Outcomes, and Sustainability

Implementation of the Diabetes Boot Camp in a Multi-Payer System

Gretchen Youssef and Carine Nassar (MedStar Health, Columbia, MD)

MedStar's Ms. Gretchen Youssef and Ms. Carine Nassar shared their experience implementing a 12-week
diabetes boot camp for 366 high-cost patients, many of whom were Medicaid beneficiaries. The program led
to ~3% A1c decline over 90 days (remarkable, in our view) and led to a 77% drop in the number of
hospitalizations compared to standard care (wow!). The boot camp was designed to address, in a cost-effective
manner, some of the major challenges to diabetes management: meeting A1c goals, limited access (to diabetes
self-help, medications, education, and services), clinical inertia, low medication adherence, and limited time
for patient-provider conversations. A virtual clinic was established to give patients easy access to CDEs,
medication management, and ongoing diabetes self-management education (DSME). All participants also
received smart meters to enhance glucose and health tracking. The first two in-person visits were focused on
medication management, using a real-time blood glucose meter, addressing barriers to medication adherence,
administration and storage of medications, dietary patterns and access to food, and self-care behaviors.
Patients were provided with DSME, which included basic survival skills centered around controlling blood
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glucose levels. Participants were tested on a tablet, with video programming for any question they got wrong.
Virtual clinic visits continued from weeks 3-12, and providers contacted patients by phone, text, or email at
least once a week to review blood glucose patterns, medication adherence strategies, medication titrations,
and DSME. After the boot camp was over, patients were discharged and returned to care from their PCP or
endocrinologist. We suspect the high-touch nature of this boot camp (i.e. lots of direct attention and support
from a care team) drove positive results: The program was estimated to save $3,086 per patient per year in
hospitalization costs. The drop in A1c, hospitalizations, and hospital-related expenditures is definitely
impressive, though questions remain about how scalable this is. To be sure, the strategic use of technology
implies that many more patients could be enrolled in the boot camp, and the ROI would be high.

▪ MedStar's diabetes boot camp was not without its challenges, and Ms. Youssef and Ms.
Nassar discussed these openly. They especially emphasized educator availability, physician/
nurse practitioner oversight, the extensive training requirements, and availability of hospitals and
office space. Again, this list raises some questions about scalability, though we think this is a
challenge technology can solve (for example, training more boot camp providers via digital
platforms and maintaining the "high-touch" aspect by giving patients around-the-clock access to
providers in different time zones). The speakers also commented on how reimbursement models
differ from state to state, noting that we need more clarity on reimbursement for virtual clinics. After
six months and after a year, patient follow-ups fell sharply, and some saw increases in A1c. This
introduces some uncertainty about the sustainability of this boot camp's positive effects, but Ms.
Youssef and Ms. Nassar proposed a few solutions, including longer-term remote coaching. They also
suggested that ongoing positive reinforcement for patients maintaining good self-care could sustain
engagement.

▪ A pilot for this boot camp started in 2014 and has since expanded to eight hospitals.
Ms. Youssef and Ms. Nassar highlighted that it was sustainably designed, with consultation from
implementation scientists and human factors scientists.

▪ Patients originally enrolled in the boot camp were defined as high cost and had an A1c
≥9%. They were all already established within the MedStar system. Those with medical issues like
COPD were excluded. Patients were referred into the boot camp by their PCP or endocrinologist.

Symposium: Diabetes in Rural America

Burden of Diabetes and Its Complications among American Indians and Alaska
Natives

Spero Manson, PhD (University of Colorado, Aurora, CO)

Dr. Spero Manson painted a bleak picture of the burden of diabetes among American Indians, but he spent
the last third of his talk discussing diabetes prevention interventions that have shown great promise in that
population. Diabetes/obesity are more prevalent among American Indians and Alaska Natives (AI/AN) than
in any other ethnic group. The age-adjusted rate of diabetes in AI/AN populations is 2.4x that of the general
population. Diabetes rates for the Pima tribe in Arizona are the highest in the world: 34.2% for men and
40.8% for women. Diabetes complications, including CV disease and renal disease, are also twice as common
in AI/AN populations. According to Dr. Manson, diabetes and its complications are the leading cause for the
lower life expectancy of AI/ANs (5.5 years lower than the general American population). In 1997, Congress
approved the Balanced Budget Act which allows diabetes prevention and treatment grants to be administered
through the Indian Health Service. The Special Diabetes Program for Indians (SPDI) was reauthorized in
2002, and now there are 36 programs nationwide with more than 11,000 total participants. Over the past ten
years of the program, participants have seen a 50% reduction in retinopathy and a 54% reduction in kidney
failure due to diabetes. In addition, rates of obesity in adults and children have stabilized for the first time.

▪ Dr. Manson explained that obesity and diabetes rates in AI/AN populations began
increasing in the 1920s, when the government began replacing traditional foods with
canned meat and fish, bread, and sugar. Many unhealthy "traditional" Indian foods, like
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frybread, were actually introduced into the community by the federal government. According to Dr.
Manson, participants under the DPP have changed their diets to return to indigenous foods and are
developing their own gardens. These behavioral changes are a real sign of success for the DPP, and it
was reassuring to hear from Dr. Manson that we have strategies that work, though getting this
treatment to all the people in-need (in hard to reach rural areas, no less) will require much more
persistence going forward.

Policy Solutions to Improve Diabetes Care in Rural America

Janice Probst, PhD (University of South Carolina, Columbia, SC)

Dr. Janice Probst, Director of the South Carolina Rural Health Research Center, described the intimidating
challenges in rural healthcare and also gave a few policy recommendations to help stop the bleeding. Access to
healthcare in rural areas has always been an issue, and as America continues to urbanize, the situation
continues to get worse. From 2005-2009, 41 rural health centers closed; from 2010-2018, 83 centers closed,
while >600 centers are currently deemed financially vulnerable. Lack of access to healthcare, proper
nutrition, and oftentimes education has led to a growing gap in rates of diabetes between rural and urban/
suburban populations. The difference in age-adjusted diabetes death rates between rural and suburban areas
has increased from 22% in 1999-2005 to 41% in 2010-2016. Dr. Probst said that healthcare is not necessarily
the most powerful tool to improve health in rural communities, but it is the biggest tool we have at state and
federal government levels. The most important thing to do, in her view, is to stop the exodus of physicians and
healthcare providers from rural areas. Dr. Probst suggested expanding the various incentive programs for
HCPs in rural areas, such as the National Health Service Corps, Indian Health Service Loan Repayment
Program, state-based programs for rural practice, and also state-based J-1 visa programs for foreign
physicians. Another important policy initiative Dr. Probst talked about was expanding education, research,
and outcome tracking in rural areas. An estimated 62% of rural counties do not have an ADA-approved
Diabetes Self-Management Education program. Research programs often happen at academic medical
centers, which are rarely found in rural areas. In addition, CDC and other research grants often have
requirements to meet a minimum number of people, which further promotes research to occur outside of
rural communities. All these issues must be addressed if significant progress is to be made in improving
diabetes in rural America.

▪ Another key solution will be expanding diabetes prevention programs to rural areas.
As an illustrative example, Dr. Probst showed a slide with DPPs available near certain ZIP codes.
The CDC lists 1,787 DPPs on its registry. Within 20 miles of Columbia, SC (where the University of
South Carolina is located), there are 12 programs listed. However, there is not a single program
located within 50 miles of Guymon, OK (located in the panhandle of Oklahoma).

Symposium: Intervening in the Lived Experiences and Social Context of
Those with Diabetes

Integrating Social and Behavioral Interventions for Diabetes in Primary Care

Danielle Hessler, PhD (UCSF, San Francisco, CA)

UCSF's Dr. Danielle Hessler urged the audience to address the disconnect between patient social context and
what HCPs often recommend to them, underscoring the importance of tailoring action plans to take into
consideration the realities patients face and what steps they can feasibly take to reach certain health goals. Dr.
Hessler reviewed the influence of the social determinants of health, and she acknowledged that targeting
these social determinants as an HCP is extremely challenging - but, she maintained, it's essential. She advised
HCPs to connect their patients to available resources, but to make sure these resources are tailored to meet
the individual's specific socioeconomic circumstances. She also introduced the concept of SDH targeted care
(medical practice that's informed by the social determinants of health). In a telling example of the disconnect
patients often face between their lived realities and advice given to them by HCPs, Dr. Hessler told the story of
one diabetes patient who faced food insecurity, housing instability, and safety issues, but who was told by his
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HCP to buy more vegetables to improve diet. Treatment plans like this are often unfeasible for the patient.
Instead, Dr. Hessler advocated for a recommendation that the patient go to a food bank or visit the 99 cent
store to see what's available, affordable, and healthy. We strongly agree with Dr. Hessler here - so many
patients with diabetes face tough socioeconomic realities, and individualization of care that factors in social
determinants of health is absolutely key to actually improve outcomes in all pockets of the population.

▪ Geisinger's Fresh Food Farmacy could be a model here. At JPM, we learned that A1c
reduction with access to a Fresh Food Farmacy was ~2%, while the average A1c drop from FDA-
approved diabetes drugs is only ~1% - that's remarkable. Geisinger serves ~560,000 people across
13 hospital campuses in Pennsylvania and New Jersey, and we're eager to see how similar programs
might be implemented in other states across the US, and even in other countries (because diabetes/
obesity are truly global epidemics, and everywhere, these conditions are intricately tied to the social
determinants of health).

Intervention Targeting the Social Determinants of Health in Youth with Repeat
Diabetic Ketoacidosis - Novel Interventions in Children's Healthcare (NICH)
Works

Lena Teplitsky (Oregon Health & Science University, Portland, OR)

Ms. Lena Teplitsky gave an overview of NICH (the Novel Intervention in Healthcare Works study),
emphasizing the importance of diabetes care that considers the social determinants of health (on theme with
this symposium). NICH was designed for children with type 1 diabetes at risk both medically (i.e. the cohort
that comprises only 1% of the total patient population but is responsible for 25% of total healthcare
expenditures) and socially (ethnic minorities, low income, low education, and other groups). The program
pairs 24/7 on-call interventionists with patients and their families and works to help the family navigate
health systems in a streamlined, efficient manner. According to Ms. Teplitsky, these patients are often left
behind and in order to raise them to an appropriate level of access we must invest the appropriate resources.
To this end, NICH aims to upend the normal paradigm of patient care, putting the issue of social ecology
before all others when it comes to treatment and working to build a strong empathetic relationship between
interventionist and family. Ms. Teplitsky showed that NICH has improved health outcomes: In one study
(n=70 type 1s), NICH spurred a ~1% decline in A1c (baseline 11.3% to 9.8%) and lowered the proportion of
patients suffering an acute complication event from 98% to 62% over one year. Ms. Teplitsky used this data to
support her main point that HCPs need to focus on the social determinants of health.

Joint ADA/JDRF Symposium: Current Management of Type 1 Diabetes in
Youth - What are the Options?

Psycho/Social Support - The Sometimes Forgotten Part of the Management

Maureen Monaghan, PhD (Children's National Health System, Washington, DC)

Dr. Maureen Monaghan discussed current shortcomings in psychosocial care and shared novel modes of
providing this care for people with diabetes. There's been a bigger spotlight on psychosocial care since the
ADA issued a joint position statement with the APA last year, calling for more evidence-based approaches to
this problem. JDRF is funding psychology fellowships for at least eight practitioners who will specialize in
diabetes-related mental health - these trained psychology fellows are scheduled to enter the workforce in
2020. We've been pleased but not appeased by these small steps, because there is so much work that remains
to be done, and we'll be looking to see some of Dr. Monaghan's helpful advice implemented in the real world.

▪ Dr. Monaghan emphasized the need to expand behavioral health services. On a positive
note, she mentioned that in the 2011 ISPAD study, 72% of youth with diabetes reported easy access
to mental healthcare, 58% reported mental health specialists on their care team, and mental health
support was frequently offered at diagnosis and during instances of concern. That said, she also
discussed a 2016 PES study in which 88% of type 1 patients agreed or strongly agreed that they need
more behavioral health services. Dr. Monaghan argued that psychosocial support should be
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standard of care at diagnosis and during periods of development or treatment transitions. She also
encouraged HCPs to be vigilant about their patients' mood and self-management behaviors, because
if either of these start to deteriorate, it can be a sign of insufficient psychosocial support.

▪ Turning to new paradigms of psychosocial care, Dr. Monaghan endorsed certain screening
tools for diabetes mental health issues, including PROMIS for depression and diabetes distress and
PHQ-9-A to catch recently active depressive symptoms. She described the success she's seen in her
clinical practice using these tools. She also provided hope for patients without easy access to mental
health services, citing studies showing the efficacy of telehealth for psychosocial care, the impact of
shared medical visits and group-based education/support, the effects of focusing patients on the
positives of their existing resilience and psychosocial strength, and one study that demonstrated that
simply discussing psychosocial functioning in routine clinical care can improve outcomes of health-
related quality of life. Finally, Dr. Monaghan praised new initiatives that are increasing the capacity
of psychosocial care, including the JDRF national diabetes psychology fellowship program and the
ADA-APA Mental Health Provider Diabetes Education Program and Mental Health Directory.

Symposium: Making a Difference in Five Minutes - Interventions in
Diabetes for Anyone (With Richard R. Rubin Award Lecture)

Richard R. Rubin Award Lecture: Diabetes and Behavior in the 21st Century -
Things That Make You Go "Hmmm"

Tim Wysocki, PhD (Nemours Children's Health System, Jacksonville, FL)

Dr. Tim Wysocki received this year's Richard R. Rubin Award, which recognizes a behavioral researcher who
has made outstanding contributions in the study and understanding of the behavioral aspects of diabetes. His
presentation was a brilliant overview of the past, present, and future of behavioral science within diabetes; he
highlighted continued challenges in providing mental health support to diabetes patients and the potential of
new advances in technology to move beyond subjective, patient reported, recall-based measures. When Dr.
Wysocki first entered this field, there was very little at the intersection of behavior and diabetes. While he
acknowledged that the field has grown tremendously since then, he pointed to several ways in which it has
fallen short, including the lack of access to mental health professionals trained in addressing diabetes patients
as well as the social stigma still attached to receiving mental health services. Looking forward, Dr. Wysocki
suggested that improved technology to better assess behavior in an objective manner will be a stride forward
for his field. At the very least, studies will yield more accurate results, supplementing patients' self-report with
objective assessments. Dr. Wysocki also shared excitement for the future of online resources and mobile
device integrations to replace in-person behavioral interventions; he alluded to scalability, and to be sure,
there are so many people with diabetes who could benefit from mental healthcare but who aren't receiving it.
Dr. Wysocki noted challenges to progress in addressing behavioral aspects of diabetes, specifically
surrounding evidence generation to support the integration of mental health interventions into diabetes care,
the dissemination of new diabetes technologies in ways that don't exacerbate race and socioeconomic
disparities, and the reduction of stigma associated with mental health services. At the end, the audience
applauded Dr. Wysocki's message with a standing ovation. If we are to make significant progress in mental
health as it relates to diabetes, we must take into account the concerns (and advice!) that Dr. Wysocki raised.

Chasing and Talking about Numbers―It's Not a Game

Jill Weissberg-Benchell, PhD (Lurie Children's Hospital, Chicago, IL)

Chicago's Dr. Jill Weissberg-Benchell emphasized that patients are more than just their numbers and that
behaviors are more important than numerical outcomes. For someone with diabetes, it's essentially
impossible to keep numbers within target range at all times, she underscored, and patients should not get into
the habit of chasing numbers. Rather, she suggested that it's more important for people with diabetes to
report their numbers so that they can work with healthcare providers to manage them through engaging in
behaviors that increase the likelihood of being in target range. This is a valuable message for both providers
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and patients, and Dr. Weissberg-Benchell spoke to the importance of shared decision-making and fruitful
patient-provider interactions, conversations that improve results rather than fostering a sense of judgment
and guilt. She ended her talk by emphasizing the importance of using non-judgmental and stigma-free
language in order to facilitate collaboration between providers and patients. To be sure, the language
movement has been picking up steam in the diabetes field (we couldn't be happier about this). We were glad
to see a high number of sessions on the ADA 2018 agenda that offered practical solutions to improve patient
care.

Symposium: Better Ways to Build Diabetes Population Health Management

Population Health Management in Underserved Communities

Luigi Meneghini, MD (UT Southwestern Medical Center, Dallas, TX)

Dr. Luigi Meneghini presented his vision for a "one-stop shop" specialty clinic for patients with diabetes. To
highlight gaps in current diabetes care, he reviewed study data showing that only ~55% of patients have
visited their doctor for an appointment in the past year, and only 35% have had their A1c tested. (We note
similar findings from the global DISCOVER study - fewer than 80% of participants had any recorded A1c
reading.) He also mentioned that ~60% of his own patients do not have health insurance. To address these
shortcomings, Dr. Meneghini and his Texas-based team have worked with primary care centers to optimize
population-level interventions. During this talk, he focused on specific areas within diabetes care where he
sees particular room for improvement and a high potential ROI.

▪ Dr. Meneghini praised the Parkland Score for Adherence to Medication (P-SAM),
suggesting that HCPs use this tool in order to understand more about why some patients are not
picking up their medications from the pharmacy. As we hear often from behavioral diabetes expert
Dr. William Polonsky, providers often misinterpret their patients' motivations in low adherence, and
it's important to accurately identify the "why?" so that solutions to promote adherence are specific,
targeted, and efficient. Dr. Meneghini recommended assessing adherence using the Proportion of
Days Covered (PDC) metric. His focus on adherence before anything else was interesting, and to be
sure, the best drugs in the world won't work if patients don't take them.

▪ Dr. Meneghini next shifted focus to technology, positioning it as a way to boost access
to care and resources. He explained that diabetes e-consultations and education sessions are
extremely useful for increasing access to care (digital platforms are more scalable and are more
convenient for patients). As an example of a good web-based approach, he discussed uploading
remote glucose monitoring data to the cloud. When patients share their data in this way, Dr.
Meneghini described how healthcare providers can access that information and can offer personal
recommendations more quickly.

▪ Third, Dr. Meneghini presented on the Healthy Feet Initiative. The purpose of this
initiative is to understand foot complications in diabetes, and to establish a better screening tool that
empowers prevention, diagnosis, and treatment. The tool features a scale from 0-4; 0 indicates a
standard screening and 4 represents a foot ulcer. We certainly see the need for more efficient
screening tools for secondary prevention in diabetes (warding off complications).

▪ Dr. Meneghini rounded out his presentation by summarizing some of the lessons
learned from this project. He emphasized engaging a diversity of stakeholders, leveraging data
analytics, and providing interventions that help patients as well as HCPs.
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Posters

Individualized HbA1c Targets in People with Type 2 Diabetes Initiating Second-
Line Therapy - The Global DISCOVER Study

K Khunti, H Chen, J Cid-Ruzafa, P Fenici, M Gomes, N Hammar, K Kennedy, M Kosiborod, S
Pocock, M Shestakova, I Shimomura, F Surmont, L Ji

This poster presented some results from the global observational DISCOVER study (n=15,992), examining the
use of individualized A1c targets and the proportion of patients who met those targets. For 5,070 individuals
with baseline A1c recorded and an individualized target (about one-third of the sample), median baseline was
8.1% and median target was 7%. Only 34% met their target after 12 months, indicating that patients globally
are not often achieving recommended glucose control. The highest proportion of patients who met their
targets after one year were in the Western Pacific (e.g. Australia, China, Malaysia, Taiwan) at 43%, followed
closely by Europe and the Americas (e.g. Argentina, Brazil, Canada, Mexico; US not included) both at 40%.
The lowest rate of success was seen in Southeast Asia (e.g. India, Indonesia) at 21%. Targets were 7% for 2,513
patients (50%), <7% for 2,073 patients, (41%) and >7% for 484 patients (10%), which suggests that relaxation
of A1c targets is not necessarily a widespread practice, though 10% of participants targeting an A1c over 7% is
certainly a sizable proportion. Using multivariable regression, various factors were assessed for effect on
meeting A1c target; older age, higher education level, lower baseline A1c, and higher A1c targets increased the
likelihood of reaching goals. Region and ethnicity were also identified as important factors in reaching target
A1c. Patients who received monotherapy other than metformin, dual therapy, or triple therapy as first-line
treatments were significantly less likely to meet their A1c targets than those who received metformin first-line,
which we suspect is more reflective of when people were diagnosed/treated than the efficacy of the first
therapy prescribed. All participants were adults with type 2 diabetes and were enrolled in the study at
initiation of second-line glucose-lowering therapy.

Vascular Events in Patients with Type 2 Diabetes in the Year Following Initiation
of Second-Line Therapy: The DISCOVER Study

M Kosiborod, H Chen, J Cid-Ruzafa, P Fenici, MB Gomes, K Khunti, S Pocock, W Rathmann, M
Shestakova, I Shimomura, F Surmont, F Tang, H Watada, L Ji, N Hammar

We were impressed by the DISCOVER study when we saw the initial presentation of results at IDF 2017 - this
is a remarkable endeavor in real-world evidence, enrolling nearly 16,000 type 2s (n=15,992 to be exact) across
38 countries (the US was notably excluded). On this poster, investigators unpacked trends in the frequency of
vascular events. In the DISCOVER study population overall, 6.6% of patients experienced microvascular
complications and 4.7% experienced macrovascular complications within one year of initiating a second-line
diabetes drug. As expected, the proportion of patients who experienced microvascular or macrovascular
events was higher in those with baseline microvascular (9.8% vs. 5.9%, p<0.001) or macrovascular (16.9% vs.
2.9%, p<0.001) disease. There was substantial variation in the incidence of these complications across
regions. New-onset microvascular complications ranged from <5% in Brazil, India, Italy, Mexico, Saudi
Arabia, and South Africa, to 5%-10% in Argentina, Canada, Columbia, Poland, and Russia, to 10%-15% in
Australia, Egypt, Spain, and Turkey, and to >15% in Algeria. New-onset macrovascular complications
occurred in <5% of participants in Algeria, Argentina, Brazil, France, India, Italy, Mexico, Poland, South
Africa, 5%-10% in Canada, China, Columbia, Spain, and Turkey, and 10%-15% in Australia and Russia. The
authors acknowledge that due to the observational nature of the DISCOVER program, it's possible that the
incidence of diabetes complications was under-estimated in countries with less rigorous screening practices.
Regardless, these findings paint a grim picture of worldwide rates of diabetes complications, underscoring the
need for earlier and more aggressive therapy. For more on the DISCOVER study, read our IDF 2017 coverage.
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Award Lectures and Additional Topics

President's Address

The American Diabetes Association in the Era of Healthcare Transformation

Felicia Hill-Briggs, PhD (Johns Hopkins University School of Medicine, Baltimore, MD)

ADA President of Health Care & Education Dr. Felicia Hill-Briggs offered an inspiring and forward-thinking
overview of ADA's efforts to promote healthcare transformation and improve diabetes population health. In
pursuit of ADA's mission to "improve the lives of all people affected by diabetes," Dr. Hill-Briggs highlighted
four key initiatives: (i) the National Diabetes Prevention Program (DPP) dissemination and implementation;
(ii) the Diabetes INSIDE healthcare quality improvement efforts; (iii) the creation of the ADA/APA Mental
Health Provider Education Program; and (iv) a rigorous scientific review of how social determinants of health
and interventions to address these impact diabetes outcomes. We were fascinated to learn more about each of
these, and we thoroughly enjoyed hearing Dr. Hill-Briggs speak!

▪ Dr. Hill-Briggs characterized the National DPP as one of the "most extraordinary
evidence to national policy to practice initiatives of our time." In particular, she
highlighted ADA's joint campaign with the CDC, AMA, and the Ad Council to promote awareness of
prediabetes and the National DPP. Building on those efforts, she highlighted ADA's Online Risk Test
as a tool to increase awareness and dissemination of DPP, especially to individuals age 45-65 and to
racial/ethnic minorities facing greater risk for type 2 diabetes. By 2020, ADA hopes that 20 million
individuals will have completed the Online Risk Test and 2.5 million individuals will be connected to
the DPP. That's an ambitious goal, but keep in mind that 20 million is still less than one-quarter the
population of US adults who have prediabetes today (that number will likely climb by 2020). To
increase the availability and accessibility of the DPP, ADA has entered into a cooperative agreement
with the CDC to expand DPP in underserved areas in five states (Arizona, California, Kansas,
Oklahoma, and Texas), with a special focus on serving Hispanic/Latino populations, Medicare
beneficiaries, and men. Finally, to better support existing DPP, ADA has created a documentation
platform called DPP Express to assist with tracking DPP data and billing/reimbursement. Dr. Hill-
Briggs pointed out that DPP Express is especially helpful to community-based DPP (such as those at
local YMCAs) that do not have EHR systems for documentation and billing. For more on National
DPP progress, see our summary of Dr. Ann Albright's ADA talk.

▪ Dr. Hill-Briggs highlighted the Diabetes INSIDE (INspiring System Improvement with
Data-driven Excellence) effort to drive healthcare system improvement. This initiative
grew out of a partnership with Intelligent Medical Decisions (iMD), which ADA acquired in 2016.
Diabetes INSIDE harnesses population health analytics, data-driven education, and quality
improvement science, tools, and techniques to promote high-quality diabetes care in large health
systems across the nation. The interventions used in the program are based on the ADA Standards
of Care, which includes an evidence grade of A-E for every one of its recommendations. Dr. Hill-
Briggs shared that Diabetes INSIDE has been implemented in eight health systems since 2012. In
addition to these eight individual health systems, Diabetes INSIDE has been involved in multi-
sector collaborations focused on urban centers and rural areas. Highlighting results from one of the
original healthcare systems, Dr. Hill-Briggs shared that Parkland in Dallas, TX saw population-level
improvements in insulin initiation for patients with A1c >9%, a decrease in patients with A1c >9%,
and a decrease in mean A1c. Moreover, she pointed to the cost-savings: one economic projection
estimates that every population-level mean A1c decrease of 1.25% is associated with more than $3
billion in savings over three years - wow!

▪ With a nod to the growing conversation around mental health and diabetes, Dr. Hill-
Briggs spotlighted ADA's partnership with the American Psychological Association
(APA) to create a diabetes-focused continuing education program for mental health
professionals. The program trains and supports licensed mental health clinicians in providing
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care for people with diabetes, specifically. ADA has also established a searchable Mental Health
Referral Directory that lists all mental health providers trained through this program to facilitate
referrals from diabetes care providers; this is a brilliant idea, in our view, though a strong and user-
friendly interface will be key. Overall, Dr. Hill-Briggs emphasized the need to improve the mental
health resources and workforce available to those with diabetes. We're so glad that ADA is paying
attention to this very important aspect of living with diabetes and we appreciate the concrete steps
the organization is taking to improve accessibility of high-quality, diabetes-aware mental healthcare.

▪ Dr. Hill-Briggs touched on the ADA's ongoing effort to conduct a rigorous scientific
review of social determinants of health. The organization has convened an all-star committee
of diabetes and public health leaders to spearhead this project; in addition to Dr. Hill-Briggs, the
committee consists of Dr. Debra Haire-Joshu (Washington University), Dr. Ana Navas-Aden
(Columbia University), Dr. Pamela Thornton (NIDDK), Dr. Nancy Adler (UCSF), Dr. Tiffany Gary-
Webb (University of Pittsburgh), and Dr. Marshall Chin (University of Chicago). The committee will
ultimately publish a review paper that will serve as "an authoritative, up-to-date resource on social
determinants of health and diabetes to identify research gaps and clinical and community practice."
"Social determinants of health" has become more widely acknowledged in public health and health
policy over the last several years. There's strong consensus that social determinants of health impact
health outcomes, and diabetes outcomes, and we'd like to see more funding for rigorous scientific
evidence base for social determinants/ diabetes. To this end, we're excited that ADA is undertaking
an effort to create a definitive initiative on this front.

▪ Dr. Hill-Briggs also shared her moving personal experience with type 1 diabetes. She
was diagnosed at the age of nine in 1975 in a segregated hospital in Baltimore. Given the rarity of
type 1 diabetes in the African American community, she was the first person with type 1 that her
doctors had seen. After her hospital discharge, she eventually entered into care with an adult
endocrinologist - rather than a pediatric endocrinologist - and received no diabetes education to
speak of. "In the absence of pediatric diabetes providers, diabetes educators, and peers, there was
the ADA and it became my lifeline. Everything I learned about diabetes came from the pages of
Diabetes Forecast," she shared. She also mentioned that, while she has undoubtedly achieved so
much, she faced her own challenges with access to care even later in her career. She noted that she
was ineligible for health insurance at times because of her type 1 diabetes and, as an under-insured
doctoral student, she herself was seeking enrollment in clinical trials to access diabetes supplies and
care she couldn't afford. As a result, Dr. Hill-Briggs has dedicated her career to address disparities in
diabetes care. We applaud her relentless dedication.

Awards Lectures

ADA 2018 Humanitarian Award

Mark Atkinson, MD & Carol Atkinson (Insulin for Life, Gainesville, FL)

Dr. Mark Atkinson and Ms. Carol Atkinson received ADA's Humanitarian Award for 2018 - so well-deserved!
Read ADA's press release here, which emphasizes their tireless efforts to support the diabetes community in
Texas, Florida, Puerto Rico and the Caribbean following hurricanes Harvey, Irma, and Maria. Ms. Atkinson
and Dr. Atkinson serve as the Director and President of the Board of Directors for Insulin for Life USA, a non-
profit dedicated to providing diabetes medications and supplies to people with diabetes in the US and
worldwide who lack access for a multitude of reasons ranging from natural disasters to financial limitations.
Following these three hurricanes, they led emergency relief efforts to deliver more than 4,600 lbs of diabetes
supplies to thousands in need. Insulin for Life USA was a founding member, along with the ADA and JDRF, of
the newly formed Diabetes Emergency Response Coalition, a group that is now comprised of 22 leading
diabetes care and research organizations that worked to provide aid to those affected by the hurricanes. "We
at Insulin for Life are humbled to receive ADA's Humanitarian Award and beyond this, we're honored to serve
as a member of the Diabetes Emergency Relief Coalition," Dr. Atkinson said in an email to us. "Moving
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forward, this newly-formed Coalition seeks to serve the needs of those with diabetes in times of natural
disaster to an even greater degree."

Outstanding Scientific Achievement Award Lecture: Harnessing Brain Circuits to
Improve Type 2 Diabetes

Lora Heisler, PhD (University of Aberdeen, UK)

University of Aberdeen's Dr. Lora Heisler delivered this year's Outstanding Scientific Achievement Award
Lecture, positioning the brain as the next frontier of type 2 diabetes treatment. Dr. Heisler's pioneering
neuroscience work has focused on elucidating the mechanism of obesity drugs D-fenfluramine (now
discontinued due to CV side-effects) and lorcaserin (Arena/Eisai's Belviq). Both agents mimic the action of
serotonin on the 5HT-2C receptor in the brain, which then stimulates the release of α-MSH, which in turn
binds to MC4R receptors, thereby activating the appetite-suppressing pro-opiomelanocortin pathway. Dr.
Heisler's preclinical research found that this mechanism is also associated with glycemic benefits independent
of weight loss. We've previously heard from obesity thought leader Dr. Ken Fujioka that lorcaserin can
produce a rapid beneficial effect on blood sugar before weight loss sets in, and this fits in with Dr. Heisler's
remarks. It's unclear whether lorcaserin could be reformulated as a dedicated diabetes drug (we're not aware
of any companies working on this), but the possibility is intriguing. Dr. Heisler contextualized that when her
research career first began, the notion of drugs that act in the brain to improve metabolism was completely
unheard of, and funding for research into this topic was hard to come by. Fast forward to today, and GLP-1
agonists (which have targets in both the brain and the gut) are all the rage for the treatment of diabetes and
obesity, and the obesity drug competitive landscape abounds with neural-acting candidates like FGF-21
analogs, MetAP2 inhibitors, and MC4R agonists (which, like lorcaserin, act on the pro-opiomelanocortin
pathway). We applaud Dr. Heisler for her incredible contributions to the science of diabetes and obesity, and
for quite literally laying the foundation for the next-generation of therapies for metabolic disease.

Banting Medal for Scientific Achievement: Mechanisms of Insulin Resistance -
Implications for Obesity, Lipodystrophy, and Type 2 Diabetes

Gerald Shulman, MD (Yale University, New Haven, CT)

In this year's Banting Medal for Scientific Achievement lecture, Yale's Dr. Gerald Shulman delivered a tour de
force on the physiology of insulin resistance and how it contributes to the development of type 2 diabetes. He
summarized a decades-long body of work into the following framework: Under circumstances of caloric
imbalance, fat storage shifts from adipocytes to muscle and liver, leading to insulin resistance in all of these
tissues - an event that has disastrous metabolic consequences. This insulin resistance interrupts two of
insulin's major effects: (i) direct action on liver cells to increase glycogen synthesis, and (ii) indirect action on
adipocytes to decrease gluconeogenesis. The disruption of glycogen synthesis and the disinhibiting of
gluconeogenesis spells increased glucose production, leading to hyperglycemia and eventually the
development of type 2 diabetes. Beyond elucidating what he termed the "insulin resistance elephant," Dr.
Shulman emphasized that this framework can provide valuable insight into potential new drug targets. To this
end, his lab is exploring a liver-targeted mitochondrial uncoupling agent. In preclinical studies, the agent
safely increased hepatic fat oxidation, thereby improving hepatic insulin sensitivity and decreasing the rate of
hepatic gluconeogenesis - ultimately lowering blood glucose levels and resolving NAFLD. Alongside this, the
agent lowered LDL and triglyceride levels, leading to reductions in muscle fat content and improvements in
muscle insulin sensitivity. Dr. Shulman hinted at soon-to-be-published data in non-human primates, and he
noted optimistically that the next step is phase 1 studies in humans. To say that we're intrigued by this
potential new class of mitochondrial uncoupling agents for type 2 diabetes and NASH is an understatement.
We thank Dr. Shulman for these incredible contributions to our understanding of diabetes.
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Outstanding Educator in Diabetes Award Lecture: Connectedness - How
Technology and Social Networks are Advancing Diabetes Nutrition Care

Jackie Boucher (Children's Heart Link, Minneapolis, MN)

In sharing her personal journey through medicine, Ms. Jackie Boucher positioned technology as a tool to
remove barriers to access. In her view, the technology industry has implications on many other fields. She
touched on the macro trend of how technology use has shifted from the hands of providers to those of
patients. Acknowledging that technology and its many innovations can be overwhelming for providers, Ms.
Boucher then emphasized technology's value in improving access and outcomes. Ms. Boucher's ultimate filter
for technology adoption was: Does it improve the delivery of healthcare and outcomes for our patients? With
this background, she walked the audience through the evolution of her learning as a dietician, as she
identified the need to improve access through "informed curiosity." She discussed her realization of the value
of experiential training rather than professional training. From publishing a cookbook designed to meet the
needs of elderly patients, to "puddle jumping" her dietician role in different disease areas, Ms. Boucher shared
lessons on patient investment, meeting the community where it's at, and understanding cultural context. She
provided insights from her work on the Heart of New Ulm project, at incentaHEALTH, and her current role as
President of the Children's Heart Link - through which technology, social media, and community outreach
helped pave the ways for success. In closing, Ms. Boucher emphasized the continued low rates of diabetes
education program utilization in an age now filled with a wealth of technology. While vast and overwhelming,
Ms. Boucher encouraged the audience to develop a strategy with technology and leverage its potential in
increasing access and improving diabetes outcomes. She called on the audience to "never stop being diligently
curious about barriers." Her award lecture was followed by a standing ovation (we joined in, too).

Kelly West Award Lecture: Diabetes Diagnosis and Control - Missed Opportunities
to Improve Health

Catherine C. Cowie, PhD (NIDDK, Bethesda, MD)

The distinguished Dr. Catherine Cowie received this year's Kelly West Award at ADA, and she focused her
award lecture on the challenge of undiagnosed diabetes. New estimates of undiagnosed diabetes incorporate
two-hour plasma glucose in addition to A1c and fasting plasma glucose, which raises overall US prevalence
from 28.2 (12.5%) to 33 million (14.6%). Displaying NHANES data from 1988-2012, Dr. Cowie showed how
diagnosed diabetes is trending upward while undiagnosed diabetes remains constant, resulting in a significant
decline in the relative proportion of undiagnosed individuals (40% to 30%, p<0.001). Dr. Cowie noted that
this may reflect changes in diagnostic criteria, as opposed to improvements in detection. Predictors of
undiagnosed diabetes include family history, lack of healthcare within the last year, and hospitalization within
the last year. Undiagnosed diabetes rate differs by age and race, but not by sex. The proportion of
undiagnosed cases is highest among adults age 20-44 (41.5%) and in the elderly >75 (40.4%). Dr. Cowie
shared that undiagnosed diabetes is most common in the Asian American population (48%) and the Hispanic
American population (42.6%), which reminded us of Joslin's "Screen at 23" initiative (Asian Americans face
elevated risk for diabetes at a lower BMI threshold than non-Asian Americans, and as such, this program
encourages diabetes screening for Asian Americans at a BMI of 23 kg/m rather than the usual 25 kg/m ).22

▪ Dr. Cowie also commented on ways to improve diabetes management at the
population level. She shared that the percentage of adult patients meeting ABC goals (A1c <7%,
blood pressure <130/80 mmHg, and LDL <100 mg/dl) improved between 2007-2010, but then
regressed slightly from 2013-2014; in these latter two years, only 13% of US adults with diabetes
were meeting all three goals, which is abysmal in our view. Dr. Cowie listed several factors
associated with poorer A1c control, including younger age, being single, greater disease duration,
and insulin use (compared to oral agents alone or no medication). Her presentation was an engaging
journey through diabetes epidemiology, highlighting that there is so much room for improvement in
diagnosing and treating diabetes.
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Richard R. Rubin Award Lecture: Diabetes and Behavior in the 21st Century -
Things That Make You Go "Hmmm"

Tim Wysocki, PhD (Nemours Children's Health System, Jacksonville, FL)

Dr. Tim Wysocki received this year's Richard R. Rubin Award, which recognizes a behavioral researcher who
has made outstanding contributions in the study and understanding of the behavioral aspects of diabetes. His
presentation was a brilliant overview of the past, present, and future of behavioral science within diabetes; he
highlighted continued challenges in providing mental health support to diabetes patients and the potential of
new advances in technology to move beyond subjective, patient reported, recall-based measures. When Dr.
Wysocki first entered this field, there was very little at the intersection of behavior and diabetes. While he
acknowledged that the field has grown tremendously since then, he pointed to several ways in which it has
fallen short, including the lack of access to mental health professionals trained in addressing diabetes patients
as well as the social stigma still attached to receiving mental health services. Looking forward, Dr. Wysocki
suggested that improved technology to better assess behavior in an objective manner will be a stride forward
for his field. At the very least, studies will yield more accurate results, supplementing patients' self-report with
objective assessments. Dr. Wysocki also shared excitement for the future of online resources and mobile
device integrations to replace in-person behavioral interventions; he alluded to scalability, and to be sure,
there are so many people with diabetes who could benefit from mental healthcare but who aren't receiving it.
Dr. Wysocki noted challenges to progress in addressing behavioral aspects of diabetes, specifically
surrounding evidence generation to support the integration of mental health interventions into diabetes care,
the dissemination of new diabetes technologies in ways that don't exacerbate race and socioeconomic
disparities, and the reduction of stigma associated with mental health services. At the end, the audience
applauded Dr. Wysocki's message with a standing ovation. If we are to make significant progress in mental
health as it relates to diabetes, we must take into account the concerns (and advice!) that Dr. Wysocki raised.

Norbert Freinkel Award Lecture: Metabolic Culprits in Obese Pregnancies and
Gestational Diabetes - Big Babies, Big Twists, Big Picture

Linda Barbour, MD (University of Colorado, Aurora, CO)

Dr. Linda Barbour opened this session of oral presentations with a powerful award lecture detailing the
progress made in gestational diabetes since Norbert Freinkel's time. We were so inspired by the way Dr.
Barbour has fearlessly followed her scientific interests (for example, by becoming a first-year endocrinology
fellow after 12 years as a general internal medicine associate professor!), and by her humble insistence that
this award should recognize the efforts of her entire team. She guided us through the journey that has been
her career to-date: from examining thromboembolism, the leading cause of maternal mortality in the US at
the time, to studying the cause of insulin resistance during pregnancy, to investigating the impact of
gestational diabetes on babies' body composition. Dr. Barbour has also studied the impact of a high complex
carb and low fat diets in gestational diabetes patients, has evaluated the correlation of placental LPL activity
with neonatal baby body fat percentage, and has investigated the relationship between mothers' triglyceride
levels and baby fat. During this lecture, she also highlighted some of the new studies that she's conducting
now, focused on targeting maternal triglycerides in mothers with obesity and understanding the microbiome
of a neonatal baby whose mother has obesity and gestational diabetes.

Symposium: Academia-Industry Collaborations - Key Considerations

Academia-Industry Collaborations in Diabetes Trials

John Buse, MD (University of North Carolina, Chapel Hill, NC)

In a nuanced and fair talk, the prolific Dr. John Buse highlighted the strengths that academia and industry
each bring to diabetes clinical trials, arguing for greater collaboration between the two. He acknowledged the
widely-held view that academic medicine is only motivated by the interests of patients, while industry is only
motivated by profit - but he was also quick to characterize this view as "misguided." He pointed out several
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potential academic motivations beyond patient wellbeing, such as the need for emerging academics to quickly
produce a portfolio of publications. On the other hand, while industry is by nature motivated in part by profit,
Dr. Buse articulated that the only path to profit is making a true difference and creating important products
that fill unmet needs. Drawing from his extensive experience consulting for diabetes pharmaceutical
companies, Dr. Buse emphasized that every conversation he has had with "Big Pharma" has focused on trying
to address unmet needs. Further, he suggested that trials from academia are often resource-constrained,
leading to a greater likelihood of being a single center trial and/or a pilot study. He asserted that academic
trials are often conducted with less attention to rigor and reproducibility compared to industry trials, and
added that these trials are less frequently published, leading to potential reporting bias. By contrast, industry
trials are less limited by resource constraints, are highly regulated to enhance rigor and reproducibility, and
are more frequently published. Continuing on, Dr. Buse noted that the research question in industry trials can
often be narrow - with enrollment of a very selective patient population - for marketing or regulatory reasons,
but this can have the effect of minimizing limitations or potential adverse events. For example, some might
argue that the exclusion criteria of history of pancreatitis in GLP-1 agonist trials is an attempt by pharma
companies to avoid this question, but Dr. Buse astutely pointed out that this could be in the interest of
preserving the safety of patients in the trial. He acknowledged that pharma companies are less likely to
sponsor research or even provide study drug for products that are already generic or on the cusp of losing
their patents, implying that academia has an important role to play here (we're curious about future academic
investigations into liraglutide for type 1, for instance, since the GLP-1's patents expire in 2022/2023 and Novo
Nordisk has elected not to seek a type 1 diabetes indication for Victoza). Overall, Dr. Buse emphasized that
both academia and industry bring substantial strengths to the table and he advocated for collaboration
between the two. He suggested that academics could guide industry in study design and investigator site
selection, while industry can offer improved data monitoring and reporting processes to academics. As an
example of successful academia/industry collaboration, Dr. Buse highlighted efforts such as the NIH-funded
TrialNet initiative to conduct proof-of-concept clinical trials of agents from partner pharmaceutical
companies to identify immunologic therapies in type 1 diabetes, with the hope of catalyzing clinical
development in this area. In an era when academia and industry are often held up in contrast to each other,
we certainly appreciated Dr. Buse's focus on teamwork and hope to see greater collaboration between
academia and industry moving forward to improve the scientific evidence base in diabetes and medicine as a
whole.

▪ As a final note (and for more reading on this topic), Dr. Buse's talk echoed remarks
from Vanderbilt's Dr. Alan Cherrington at GTC Bio. Dr. Cherrington has worked closely
with private industry while employed by an academic institution, and he similarly pointed out the
great synergy that can come from academia-industry collaboration, with academia contributing
high-quality compounds and industry speeding up the development process with other resources.

Symposium: The Type 2 Diabetes Knowledge Portal

Quantifying Diabetes - Genomics, Electronic Health Records, and Automated
Control

Jason Flannick, PhD (Broad Institute, Cambridge, Massachusetts)

Dr. Jason Flannick of the Broad Institute, MIT/Harvard's biomedical and genomic research center,
introduced type2diabetesgenetics.org, which can help researchers identify genes associated with diabetes. The
easily accessible database includes GWAS, exome array, and exome sequence data and allows researchers to
explore data by gene, by variant, or by tissue type, making it ideal for work with mouse models. In order to
mitigate privacy risks associated with genetic information, the portal shows only results related to association
data between genes, variants, and diseases and not the underlying human genetic information. In addition,
data is not shared directly with the Broad Institute but rather, is securely handled by a third-party software
service, which allows data access through the portal without its leaving the home institution.
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Diabetes Data Science - Linking Genotype, Electronic Health Records, and Real-
Time Monitoring

Philip Bourne, PhD (University of Virginia, Charlotte, VA)

UVA's Dr. Philip Bourne gave a broad-sweeping lecture on data science, and described how it can advance
diabetes research. What can we do with data science? As Dr. Bourne put it, we can combine diverse data sets;
we can arrive at statistically significant conclusions not otherwise noticeable; we can share findings in a more
useful and actionable way; and we can translate findings into clinical practice. All of these could have major
impact in diabetes care. Dr. Bourne outlined the five pillars of data science in mapping diabetes, listing (i)
data acquisition, (ii) data integration and engineering (wrangling data so it's useful), (iii) machine learning
and analytics, (iv) visualization and dissemination, and (v) ethics, law, policy, and social implications.
Although the scientific community is performing well in the first two pillars (there is a wealth of data), Dr.
Bourne highlighted major room for improvement in the last three pillars (information isn't being transferred
to a large audience in meaningful ways); he suggested that data scientists and clinical experts need to work
together in these areas. Dr. Bourne pointed to the Broad Institute's Knowledge Portal as one example of data
science/clinical collaboration - Dr. Jason Flannick introduced this project immediately before (see above).
Ultimately, Dr. Bourne was optimistic about what we'll be able to accomplish in diabetes with data science,
though he warned that data science can be biased and can overestimate what's possible within a healthcare
system. To this end, he argued that medical education should incorporate bioethical training on handling data
science.

Symposium: Precision Medicine in Diabetes

Genetics and Precision Medicine for Diabetes

Stephen S. Rich, PhD (University of Virginia, Charlottesville, VA)

Dr. Stephen Rich painted an encouraging picture of how genetic information can be leveraged in our
approaches to type 1 diabetes, and he expressed significantly less optimism about the state of precision
medicine for type 2. Pinpointing genes that contribute to diabetes helps scientists understand molecular
mechanisms underlying the disease, and it allows for the screening of high-risk individuals. Dr. Rich
described recent developments in personalized medicine to ascertain type 1 diabetes risk. The Pr1MeD project
at UVA is screening children (age 2-16) with a questionnaire and spit sample. Their DNA is extracted,
genotyped, and assigned a genetic risk score. In high-risk individuals, a standardized protocol of autoantibody
testing is conducted over the long term. Dr. Rich contended that genetic risk score will have a meaningful
impact on type 1 diabetes, as it opens the door to improved prediction, prevention, and optimization of
treatment.

▪ Roughly 80%-90% of the genetic risk of type 1 diabetes has been elucidated, according
to Dr. Rich. In type 1, 40% of genetic risk is attributable to a few genes (HLA, INS), of which ~50
are associated with specific loci. Disease incidence is likely tied to race as well, as type 1 is seen
predominantly in Caucasians, though rates are rising quickly in Hispanic and African populations.

▪ In contrast, Dr. Rich noted that only ~50% of the genetic risk of type 2 diabetes is
understood, and it's attributable to three major HLA genes. Some genes are unique to specific
races, such as PTPN22 in Caucasians. Our sense from this presentation overall was that type 2
diabetes development is much more complex, because it's less about genetics and more about
environmental factors (compared to type 1 diabetes). This makes it much more challenging to
develop precision medicine tools for type 2 diabetes care, and indeed, progress in this realm has
been slow.
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TCOYD/The diaTribe Foundation 12th Annual Diabetes Forum
At The diaTribe Foundation and TCOYD's 12 Annual Diabetes Forum on Monday night, Drs. James Gavin,th

Mikhail Kosiborod, Jeremy Pettus, and Carol Wysham comprised an insightful panel moderated by Dr. Steve
Edelman and our own Adam Brown.

▪ First tackling the role of CVOTs in the modern era of diabetes, panelists were
generally in favor of the requirement continuing. Dr. Kosiborod pointed out that, without
CVOTs, our knowledge of diabetes therapies would be hindered at best and inaccurate at worst;
HCPs would think DPP-4 inhibitors were cardioprotective (as phase 3 data indicated) and the
cardio- and renal-protective effects of SGLT-2s and GLP-1s could have gone unnoticed. While Dr.
Edelman, ever the devil's advocate, argued that some of the safety signals to come out of CVOTs
have allowed entire classes to be vilified, Dr. Gavin countered that those safety signals are the
purpose of CVOTs - and they've also reminded HCPs to be more vigilant about screening for
complications. Dr. Wysham, for her part, asserted that CVOTs should become optional, to be
conducted when a company thinks their therapy is actually cardioprotective; we see the appeal of
this approach, given the CVOT requirement can be a significant barrier to novel drug development.
Of course, the most successful, cost-bending diabetes therapies will need to show evidence of
cardioprotection, renal protection, or other major short- and long-term cost-savings - meaning
companies will need to invest here at some point.

▪ In technology, we loved hearing enthusiasm regarding the role of CGM in type 2 - as
well as optimism about where reimbursement is going. Dr. Wysham has every patient she
sees put on professional CGM before their first visit, which she finds especially useful for patients
who need insulin or GLP-1 initiation or intensification. Dr. Gavin was similarly positive and asserted
that more CGM use will allow patients to focus on time-in-range instead of chasing A1c, which will
both help patients feel better, connect hyper/hypoglycemia to moods/energy, and improve
outcomes. Dr. Edelman argued against the use of blinded CGM, as he thinks much of the utility of
CGM comes from engaging patients and promoting behavior change with real-time results.
Rounding things out, Dr. Pettus reminded the audience of the remarkable innovation that has
occurred in CGM in the last few months: FDA approval of Senseonics' 90-day Eversense and the no-
calibration Dexcom G6.

▪ All of this said, however, the question of access hung over the entire conversation, and
every panelist expressed serious concern about the ability of most patients to access the best
drugs and technology. Dr. Kosiborod laid out the inherent difficultly of drug and tech development,
in which coming up with lifesaving treatments takes a huge investment and results in a world where
patients cannot afford the therapies they need. Added Dr. Gavin, "We can have all the best
technology and drugs in the world, but the elephant [in the room] is getting access to those that need
it most." Explaining what this looks like in practice, Dr. Wysham said that she develops a treatment
plan then tells her patients, "We'll see what your insurance says," illustrating just how nebulous the
reimbursement and coverage landscape is, even to providers.

▪ Finally, adjunct therapy for type 1 - a definite theme of this meeting - also spent time
on center-stage; Dr. Pettus highlighted Friday's ATTD-sponsored consensus meeting on DKA risk
with SGLT inhibitors as his favorite part of ADA 2018, and Dr. Edelman emphasized that while the
DKA concern with these agents in type 1 is real, the increase isn't above and beyond the background
rate of DKA in the general type 1 population. While we continue to think this is an interesting point,
we also maintain that it's difficult to make comparisons between real-world observations and clinical
trial DKA rates, and it's very possible that the real-world DKA rates with SGLTs could be higher than
those seen in phase 3 trials. On the other hand, Dr. Wysham argued that DKA is extremely easy to
prevent with education, and she has had only two cases in her three decades of practice; the
problem, she suspects, will arise when these therapies start being prescribed by providers without
experience managing diabetes.
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▪ Below, you'll find the full transcript of the Forum with some of our favorite moments
highlighted in yellow.

Panel Discussion

Panelists: Jim Gavin, MD (Healing Our Village, Atlanta, GA), Mikhail Kosiborod,
MD (Saint Luke's Health System, Kansas City, MO), Jeremy Pettus, MD
(University of California, San Diego, CA), Carol Wysham, MD (University of
Washington, Spokane, WA)

Moderators: Adam Brown (Close Concerns, San Francisco, CA) and Steve
Edelman, MD (University of California, San Diego, CA)

Dr. Steve Edelman: To start things off, I'll ask the panel to tell us: What was most significant to
you at this ADA?

Dr. Mikhail Kosiborod: If you ask me as a cardiologist, the video you just showed was the highlight of ADA. I
have to say, when it comes to cardiovascular disease and complications, which is what I'm most passionate
about, it has not been a particularly impactful conference. There's a real dearth of new information, nothing
really status-changing. I usually don't bring up subgroup analyses as highlights, but a CANVAS analysis
presented today was quite reassuring if not necessarily unexpected. It found a consistent reduction in CV
events in patients with significantly reduced renal function, so there's no difference in the CV benefit of
canagliflozin regardless of baseline renal function. Of course, this is a common issue, particularly given the
label restrictions on SGLT-2 inhibitors.

Dr. Edelman: And also OBSERVE-4D?

Dr. Kosiborod: Yes, OBSERVE-4D was presented yesterday, and that's very useful data. This is a real-world
evaluation of a large claims dataset, including several hundreds of thousands of patients in the US, trying to
understand how many patients treated with canagliflozin had amputations. It found no signal for increased
risk with canagliflozin, but you have to remember that the majority of patients in the study had very low risk
vs. those in CANVAS. The methodology was quite solid, and they did their due diligence, looking at the
subpopulation with CVD where there was also no increased risk detected. One limitation is that the average
duration of follow-up is six months in OBSERVE-4D, which is probably not adequate.

Dr. Carol Wysham: I have to say that I've really enjoyed handling the technology, seeing the devices, and
talking to the representatives in the exhibit hall - living in Spokane I don't get to do this often. I also went to a
clinical-translational program looking at the cardio-renal axis and how SGLT inhibitors impact sodium-
hydrogen exchange, explaining why these agents have benefits at low eGFR. That was great, because I think
we're all wondering how these agents are working even with low renal function.

Dr. Jim Gavin: OBSERVE-4D was going to be mine; this is so important because we now have data-driven
information about lower extremity amputations and canagliflozin, alone and vs. other anti-hyperglycemic
agents. We can use this data-driven narrative to combat some of the hysteria that has been launched around
this issue. This is extremely important: There's a lot at stake in terms of risk to the class, and now we have a
piece of work to help with that. Otherwise, there was nothing big and earth-shattering at this meeting so I got
to explore some, and there is this small molecule I looked into covered in three posters: ZGN-1061, [Zafgen's]
methionine aminopeptidase 2 (MetAP2) inhibitor. This is a fascinating molecule originally explored as an
anti-angiogenic drug for cancer. It's been repurposed and is absolutely wonderful in terms of mechanism of
action. It can actually reduce weight and glycemia in type 2 diabetes, as it also reduces hepatic liver scores in
NAFLD, so this is a wonderful technology that combines well with other things and could be a whole new
class.

Dr. Jeremy Pettus: I'll focus on a couple topics I thought were interesting: The use of adjunctive therapies in
type 1 and artificial pancreas technology. First, for SGLT-2 and 1/2 inhibitors, there's no doubt these drugs
work on time-in-range, weight, and blood pressure, but they do also increase risk of DKA and I believe this is
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a class effect. So now we have to focus on risk/benefit and mitigating DKA. My favorite thing that I did at this
meeting was a Friday morning ATTD-sponsored meeting of all the stakeholders, including JDRF, FDA,
industry, and KOLs involved in this research. We were all in this really small room, I counted 50 people, with
no microphones and we were just hashing this out, focusing really on what type of ketone monitoring should
be involved. We didn't really come to the clearest consensus, but we're getting there - and everybody was
there. Everyone showed up because people are finally getting it that these medications have role in type 1.
Even if the A1c reduction is not that great, this idea of outcomes beyond A1c is really coming home to roost.
These drugs make a difference in quality of life and help people manage a disease that, frankly, really sucks.
Any drug that can help is an improvement, and all these people being there shows that this risk of DKA is
worth it, and we want to come to a solution.

Mr. Adam Brown: If you were the manufacturer of an SGLT inhibitor and had to design the
perfect way to mitigate risk, what would it be? Should ketone meters be shipped when the drug
is prescribed to a type 1?

Dr. Pettus: That could be a six-hour conversation. It's going to require more awareness first. But whatever
solution we come up with will mitigate the risk of people on these drugs, as well as DKA risk, period. DKA
rates in general are still unacceptably high, and there's a lack of awareness about what ketone monitoring is.

Dr. Edelman: In the general type 1 population, the annual rate of DKA is about 5%, and with risk mitigation
strategies in these trials it was 2-3% depending on the dose. Jeremy and I did a focus group of six
endocrinologists and six patients with type 1. We separated them after seeing this data, the endocrinologists
said, "Oh, but it doesn't really lower A1c that much." With the patients, the word "A1c" didn't come up once.
Three hours more time in range a day is significant to them!

Dr. Wysham: Especially if the time-in-range increase is while you're awake. The point I want to make is that
DKA is incredibly easy to prevent. With really good education, I've had two cases of DKA in my own patients
in 30 years.

Dr. Edelman: And how many unnecessary admissions to the hospital happen because of a pump infusion line
leaking and the patient doesn't know what to do? Just general education on DKA would seriously reduce what
we spend.

Mr. Brown: Can you prescribe a ketone meter when someone goes on these? Or have it come with a card that
says how to measure and what ketone levels should be?

Dr. Wysham: It works if people use it. We have to educate patients on when to use a meter and how to react to
the information it gives. It takes a lot of knowledge from prescribers, and those of us at this table can do it. I
worry about it when it gets beyond us.

Dr. Edelman: Let's shift gears a little bit: Do you think we still need the CVOT mandate?

Dr. Kosiborod: If you want to be brief - yes, we still need CVOTs. I think that we wouldn't be talking about
most of what we're talking about today without them. There may be certain reasons a mandate happened but
we're beyond that. What's important now is how do we mange type 2 diabetes? And where would the field be
going today if these CVOTs never happened? We would be at a tremendous disadvantage, and we would think
one drug that lowers A1c is the same as another. Patients are going to dramatically benefit because of these.

Dr. Gavin: CVOTs have served us well, and we still need them, not only for giving us evidence on CV safety,
but also because it has given us information on other forms of safety. There is a problem, though, which is
this: How are we going to continue these? If you're going to do a randomized controlled trial against standard-
of-care, what do we do when all of these drugs are out there with all of these benefits? We're going to have a
real dilemma with what all of these trials look like going forward.

Dr. Edelman: Do you think the ADA treatment algorithm will change? All these trial protocols
are different - not all CVOTs are created equal, and how much money the company has can
determine whether it's powered or superiority or not.
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Dr. Wysham: I think it should be optional. If you have a molecule you think is effective in addition to standard
of care, companies can have the option. I do think the ADA algorithm should be re-written. If CVD exists, it's
appropriate to examine the individual's other comorbidities and see which agent has been proven effective
and start that concurrently with metformin. I'd like to see the ADA/AHA CV risk score that comes up include
duration of diabetes and other comorbidities better.

Dr. Edelman: Some negative things have come out of CVOTs too: amputations, intraocular injections, other
imbalances…and then the drug gets vilified. They're large studies and they find weird stuff.

Dr. Gavin: The incidence of these adverse events is small, though, and what they've served to do is remind us
to be more diligent about what we're doing anyway. We ought to look at people's eyes and assess the
competence of the vasculature in their extremities. It has raised the bar in terms of how diligent we need to
be.

Dr. Kosiborod: And it's not about vilifying a drug. We need to make informed treatment decisions about the
patients we see and give them adequate information about risks and benefits of different treatment options. If
we didn't have these data, we'd still be telling patients DPP-4 inhibitors reduce CV events by 45% [based on
phase 3 data]. That would not be good patient care; we'd be telling them something that is completely false.
The amputation story needs to be told; it could certainly be the case that this is a real risk, and with more
trials coming down the pike, we'll eventually know. If you want to inform patients, give them valid info, and
let them make informed decisions; we need these trials. False information is worse than no information.

Dr. Edelman: But aren't we forgetting about blood pressure and cholesterol now? Those have a significant
impact on CVD.

Dr. Gavin: I think if you're forced to be more diligent in terms of monitoring vasculature and eye health, you'll
also be more vigilant about checking blood pressure.

Mr. Brown: It makes me think, if you're a pharmaceutical company, a $200 million trial is a
big investment. How far could that investment go in terms of developing better prescribing
tools and titration? For example, using clinical decision support for basal insulin titration.
How do you think about that: More investment in long-term studies and new molecules, or
technology to better use what we already have?

Dr. Wysham: And also putting systems in place to help patients without access to technology.

Mr. Brown: The drugs we have are great, but should we use them in smarter ways by creating tools to use and
prescribe them better?

Dr. Kosiborod: It's impossible to disagree with a statement like that.

Dr. Gavin: The elephant in the room is access. We can have all the best technology and drugs in the world, but
the elephant is getting access to those that need it most.

Dr. Kosiborod: What worries me is that we produce all of this knowledge and we can't implement it. It's not
just for the reasons you stated - funds do need to be directed elsewhere - but a large part of this is that
patients can't afford lifesaving treatments. Contrast that with the fact that coming up with these treatments
requires a big investment. We live in a world where we need to have returns to make sure life-saving
treatments are developed. However, I grew up in the Soviet Union where we had price controls, and then you
had situations where you would be in line for 3 hours to get a chicken.

Dr. Gavin: Three hours for one chicken?! [Laughter]

Dr. Kosiborod: Just one chicken.

Dr. Edelman: The big thing for me at this meeting was type 1 - sensors and artificial pancreas
progression. Dr. Pettus, what's your impression on progress of artificial pancreas and hybrid
closed loop programs?

Dr. Pettus: Artificial pancreas technology is now moving along at a rapid clip. In three years, people will be
choosing between hybrid closed loops, if not fully closed loops. What I've been really excited about is DIY
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systems. I use Loop, a DIY system that automates basal insulin delivery. They're trying to design a study to get
baseline metrics on the thousands of people across the country using this grassroots system. FDA is
completely on board with this approach, and they've realized they can't put their head in the sand about all
these patients and are trying to accelerate the process for commercializing this and getting it into the hands of
the masses. Whether you agree with these DIY systems or not, some of these will become kind of mainstream.
There will be lots of competition in this space one way or another, and closed loop systems will make huge
difference.

Mr. Brown: How many people in this room are on Loop? Looks like seven - that's pretty striking
right there.

Dr. Pettus: FDA does have different regulatory questions, as opposed to taking a new experimental product
and getting it approved. All these people are already using it.

Mr. Brown: I also found it notable that this company SOOIL from South Korea plans to submit to FDA with
an open-protocol pump, tailored for the DIY community. In Europe they actually market that: "Our pump is
compatible with the DIY community."

Dr. Pettus: The bottom line is that this DIY artificial pancreas technology is moving from a fringe, techie
person thing to a more mainstream practice.

Mr. Brown: What are your current thoughts on CGM, especially in type 2 diabetes? How is that
progressing?

Dr. Wysham: The coverage is much better. It's something that's very impactful. I have a lot of experience of
using professional CGM and seeing how patients respond; not everyone wants to sign up for that option; but
when patients are on MDI, the expectation now is that CGM is standard-of-care, and we work hard to get it.
Libre is actually affordable even if not covered - it's a huge part of my practice.

Dr. Edelman: If you can really engage patients to look at results, I think that's the key role of CGMs. I've seen
some patients really turn around after having a CGM. I do think it's going to be more accessible and
affordable, and I do think it will change the way we practice with type 2 diabetes patients.

Dr. Pettus: We just had Senseonics' Eversense approved by FDA, so that'll be another option, and it currently
lasts three months. Dexcom G6 was also recently approved and launched with no fingerstick calibration; I've
used it for a couple months now and have checked my blood glucose with a fingersticks maybe 3 times - that's
amazing. A huge change is happening right now that can lower barriers to providing CGM. People ask me,
"How accurate is G6?" I say, "I have no freaking clue. I don't fingerstick and I don't want to." [Laughter]
People diagnosed today are in a world where fingersticks can be far less important, and they can even go
away. (Read diaTribe's G6 test drive here.)

Dr. Gavin: Addressing the original question about type 2s, I think that having the engagement that's now
possible through CGM is so important, and it enables a new narrative about what it really means to control
diabetes. It's less about chasing biochemical metrics and more about looking to see how much time-in-range
you have. The flatter that line is, the better they feel.

Dr. Edelman: Time-in-range is starting to come out in type 2 studies. People with type 2 hate pricking their
fingers. No one likes it. The biggest headache is that people don't test and they make up numbers, so Libre is
making a big difference there.

Mr. Brown: Do you think about a spectrum of patients with type 2, in terms of some people
being a great candidate for professional or real-time CGM? Or perhaps a quarterly
professional CGM?

Dr. Edelman: It's like adult diapers - it depends. At one end there are some people with prediabetes, and MDI
or pump users on the other. There are different ways to use CGM in the type 2 population. My huge bias is
that I'm totally against blinded CGM except for use in trials. People need to see their numbers. They may
change their behavior, and some people say you won't know if a medication made a difference. But if it does
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change their behavior, that's diagnosis and treatment. As it gets cheaper, easier to apply, and more accessible,
it will make a difference - but you have to engage patients.

Dr. Gavin: You know the high-risk groups. We will get to a point with CGMs where they are more accessible
and more patient friendly, and we will be able to stop fooling ourselves that there are people with prediabetes:
they have diabetes and we just don't know when it happened. We will be able to use technology to get real
time data to better inform decisions about what their status really is.

Dr. Wysham: I do use the professional version on all of my patients before their first visit. Patients can't make
an appointment with me until they see a diabetes educator, who puts them on professional CGM. When I see
them, we're ready to talk. It's incredibly helpful for those patients who need insulin, or for intensification of
insulin, or to add a GLP-1 agonist. It's so much easier to do that than it is to urge and irk them on.

Dr. Edelman: That's impressive.

Mr. Brown: Do you find the reimbursement for professional CGM is solid?

Dr. Wysham: It's great - much better than for real-time.

Dr. Edelman: This was the year of the alpha cell. We're seeing a lot of glucagon antagonist and
companies coming up with strategies to improve glucagon sensitization. Dr. Pettus has been
really interested in glucagon lately.

Dr. Pettus: I think SGLT inhibitors have opened the door for adjunctive therapies in type 1, and I think
glucagon receptor antagonists definitely work on improving glycemic control. And I really think they reduce
the risk of DKA, because glucagon normally induces ketone formation. There will be some baggage on liver
effects and alpha cell hyperplasia, but we're entering an era where we can address multiple defects of type 1.
Don't forget that people with type 1 have a problem with glucagon, too.

Dr. Edelman: Even in the future we'll have mini-dose glucagon, and soon we'll have nasal glucagon. There's a
big advancement coming in that area. I'm looking forward to going to the fridge at night to get a squirt of
glucagon.

Mr. Brown: What's your preferred type 2 treatment algorithm if cost isn't an issue?

Dr. Edelman: I saw Mikhail's, and it's amazing.

Dr. Kosiborod: Maybe I should patent it. My viewpoint really has been that we don't treat type 2 diabetes to
make glucose numbers look better. The goal of treatment is to make people live longer and feel better, and
hopefully both. To do that you need to prevent complications. There are significant differences in treatment
options to reduce complications and in the timeframe over which they are reduced. Some can do it quickly
and some take longer, and others we're not sure if they ever will. I'm a cardiologist for people with diabetes,
and I want to avoid cardiovascular events. So I ask where a patient is on the CVD continuum? I look at
ASCVD, HF, stroke, and MI, and I choose treatments based on the best evidence available, much of which is
from CVOTs. That tells me the likelihood of people benefitting from a class or several classes to prevent CV
events. I tailor it based on the patient in front of me.

Dr. Wysham: I always tell patients what I think they should be on, then I say 'we'll see what your insurance
says.' All things being equal, I'm a fan of early intervention with agents shown to have more durability if
started early: SGLT-2 inhibitors and GLP-1 agonists. I'd follow Dr. Ralph DeFronzo's suggestion to get three
medications on as early as possible to spare the beta cell. The RISE protocol was announced; they're trying to
see if they can do early intervention with liraglutide and metformin to prolong beta cell function;
unfortunately, I think they missed out on including an SGLT-2 inhibitor.

Dr. Gavin: Metformin, GLP-1 agonists, SGLT-2 inhibitors, and maybe under some circumstances a whiff of
pioglitazone. I learned well from Dr. DeFronzo.

Dr. Kosiborod: If you look at what would make sense to preserve the beta cell and reduce insulin resistance,
the algorithm you just described also has the highest likelihood of reducing cardiovascular and renal disease.
This will move all those endpoints in the right direction.
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Mr. Brown: If you could have a billboard all over the world with one message to healthcare
providers, what would it say?

Dr. Wysham: Don't delay.

Dr. Gavin: It's the combination, stupid.

Dr. Kosiborod: Make people with diabetes live longer.

Dr. Pettus: Vote for Steve Edelman. [Laughter]

The diaTribe Foundation's Third Annual Musings Under the
Moon: Next-Gen Diabetes

The diaTribe Foundation's Third Annual Musings Under the Moon: Next-
Gen Diabetes

The diaTribe Foundation hosted its third annual Musings Under the Moon event, featuring two powerhouse
panels of diabetes industry leaders. Our very own Adam Brown and Kelly Close served as moderators of what
a number of attendees characterized as their favorite panel discussions from ADA.

The first panel included Sanofi's Ms. Michelle Carnahan (North America Head of Diabetes and
Cardiovascular), Abbott's Ms. Sophie Dutilloy (Divisional VP and Commercial Lead, EU, Africa, & Middle
East, Abbott), Lilly's Ms. Marie Schiller (Vice President, Connected Care), and Novo Nordisk's Ms. Camilla
Sylvest (EVP Commercial Strategy & Corporate Affairs).

Up next were Bigfoot's Ms. Jennifer Block (VP of Clinical and Medical Affairs), Dexcom's Ms. Annika Jimenez
(SVP of Data), Insulet's Ms. Shacey Petrovic (President/COO), and Medtronic's Ms. Laura Stoltenberg (VP/
General Manager of MDI Solutions).

▪ We were struck by the level of discussion on patient perspectives and preferences.
Industry has certainly been talking more about patient-centricity for the past several years, but we
got a truly strong sense that these leaders' companies are walking the walk. Right off the bat, Ms.
Dutilloy acknowledged the strength of the diabetes patient community, noting successful advocacy
efforts in the EU to ensure access for FreeStyle Libre. Ms. Petrovic referenced the OpenAPS and
NightScout communities as some of the biggest positive disrupters in diabetes, noting: "In this
market, I see the patient voice driving things, and it's only getting stronger. It's remarkable."

▪ We especially loved hearing panelists' "A-HA moments" over the past year. Ms. Sylvest
described hers as stemming from the launch of a Novo Nordisk smart pen in Sweden, and how it has
improved the dialogue between patients and providers. Ms. Schiller's came three weeks after the
JDRF/Helmsley meeting on AID interoperability and FDA's new, lower-risk iCGM category - "The
FDA was pushing even faster than we were," she exclaimed. Ms. Jimenez noted that FDA's rapid
pace has even kept Dexcom on its toes, since it now has to not only develop great CGM, but also be
great at integrating with partners as an integrated CGM; she also discussed the goal of getting real-
time G6 data through her company's public API, and how much of the conversation around what to
do with the data is in Dexcom's court. Ms. Schiller and Ms. Carnahan both talked about the "perfect
as the enemy of the good" dilemma, particularly in the setting of a pharma-tech venture that brings
together two vastly different cultures. For example, should Lilly focus on BGM- and smart pen-based
insulin titration since it would be cheaper, or go straight for CGM- and smart pen-based titration to
show it can really drive outcomes? Ms. Petrovic spoke to the "tech skillsets" that were built into the
Insulet Dash PDM, so that someone could use it in the same way they could pick up a cell phone and
intuit how to use it.

▪ Much of the discussion also centered around issues of access, which goes hand in
hand with innovation. Ms. Block noted Bigfoot's estimate that 66% of people with type 1 diabetes

www.closeconcerns.com 425

https://www.closeconcerns.com/knowledgebase/r/14c361df#Novo_Nordisk
https://www.closeconcerns.com/knowledgebase/r/28917ae3


are treated by a primary care physician in the US - reaching and developing solutions for this
population requires a completely different approach than when considering patients who receive
care from top endocrinologists. Ms. Schiller reminded the audience that "this is a systems problem,
and if you don't think about it from a systems perspective, we will fall short," suggesting that
alternative payment models may help. Ms. Jimenez emphasized that integrating effectively into
health systems will require new business models. Importantly, she explained, companies may have
to form partnerships in order to deliver creative bundles. Ms. Petrovic agreed on the need for value-
based care but acknowledged that: "it's easier said than done." Ms. Jimenez agreed: "Putting out a
creative bundle? That's hard." Indeed, as Ms. Block commented, there are still missing pieces - even
something as seemingly rudimentary as understanding the true cost of delivering care (e.g., time
included) is still unknown. (We have begun to see some movement in the form of outcomes-based
contracts from the likes of Omada, Virta, Novo Nordisk, Lilly, and most recently, Medtronic.) Ms.
Schiller, when asked about making access vs. innovation decisions, astutely noted, "We need
innovation in access." Well said!

▪ How do we design for simplicity, accepting the complex tradeoffs that often come with
that? Ms. Stoltenberg summed up the dilemma nicely as an issue of value vs. burden. Will an
additional feature or insight lend sufficient value so that it is worth the additional patient or
provider burden? As Ms. Sylvest pointed out: "We can invent a lot of apps and technology that keep
reminding people about disease, but all that they're trying to do is get away from diabetes and live a
normal life." Indeed, Ms. Block recommended that to achieve such simplicity, "You have to
understand the entire ecosystem. The needs of clinicians are really different than the needs of people
with diabetes. Both have huge challenges to reach outcomes, but we have to remember what it looks
like to deliver diabetes care to patients. In our case, that may mean fewer nobs and dials while
achieving the same functionality." Ms. Petrovic similarly highlighted the careful tradeoffs in the
design of Omnipod Dash - the temptation to pack it with new features/maintain existing features vs.
prioritizing the truly essential. We think the final Dash does an outstanding job on both fronts.

▪ Ms. Stoltenberg and Ms. Jimenez summed up the night beautifully: Ms. Stoltenberg said,
"The investment and level of energy we're putting toward diabetes - I've never seen this level of
energy and innovation. So if it feels like it's a competitive environment, it's actually a great thing."
Later in the evening, Ms. Jimenez looked at the flip side of the coin: "We must resist the temptation
to control every element in the value chain and figure out how to bring our core strengths together to
be better." Hear, hear!

▪ Below, you'll find the full transcript of both panels, following by audience Q&A.
Highlighted in yellow are some of our favorite comments!

Panel Discussion #1

Michelle Carnahan (North America Head of Diabetes and Cardiovascular, Sanofi,
Bridgewater, NJ), Sophie Dutilloy (Divisional VP and Commercial Lead, EU, Africa, & Middle
East, Abbott, Delkenheim, Germany), Marie Schiller (Vice President, Connected Care Site
Head, Cambridge Innovation Center, Lilly, Cambridge, MA), Camilla Sylvest (Executive Vice
President, Commercial Strategy & Corporate Affairs, Novo Nordisk, Copenhagen, Denmark)

Moderators: Adam Brown and Kelly Close (Close Concerns and The diaTribe Foundation, San
Francisco, CA)

Mr. Adam Brown: We'd love to start with one of our new favorite questions: what's an A-HA
moment you've had in the past year?

Ms. Sophie Dutilloy: I've only been in diabetes for two-and-a-half years, but I've been in healthcare much
longer. The sheer influence of patients in this field and impact of patient associations in Europe when we
launched FreeStyle Libre are just two of the amazing things that I've seen. The speed of adoption for the
FreeStyle Libre has really been driven by the pressure of patients through petitions to governments and sheer
pressure they apply to get access to this device. It has been fascinating to see the impact.
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Ms. Camilla Sylvest: For me, an A-HA moment from this past year was the new connected pen that was
launched in Sweden and looking at how it improved dialogue between patients and providers. The pen can
connect and send information to the doctor, and it is amazing to see what an impact that makes. That has
been something we need to look for in the future - how we can connect with patients from the beginning,
because it is amazing to see how much it can improve the dialogue. (Read our exhibit hall coverage of the
NFC-enabled NovoPen 6.)

Mr. Brown: In other words, capturing peoples' injection data can increase their engagement?

Ms. Sylvest: Definitely. That being said we need to acknowledge that patients have different needs. Some are
engaged and some would rather not be as engaged, and we need to cater to all of their needs.

Mr. Brown: Kelly has a plane ticket waiting to go to Sweden to get that pen.

Ms. Sylvest: Sweden won't be the only country!

Ms. Michelle Carnahan: My A-HA came speaking to a group of parents and people with diabetes. We asked
them what they're excited about in the diabetes space. A physician with type 1 diabetes said, "I love this
connected care stuff!" He finishes speaking, and another woman says, "I've had diabetes for 40 years, and I
don't care about a connected pen - I want glucose-responsive insulin! I don't want more stuff to turn on!" The
next person was a mom. She said, "The innovation I want you to bring is beta cell treatment to cure this
disease." The A-HA to me was that we'll spend a lot of time talking about connected care tonight, but there is
so much further to go and so many other pieces. There are so many other conversations to have. People were
asking for one thing: not A1c to be lower, but for normalcy in their lives. To live simpler, with a higher degree
of wellness. We can get caught up in the moment, but there's so much more to be done.

Ms. Marie Schiller: I'll close it out on this one; both of mine are related to CGM. I was recently with a
physician group, and I'm biased because I love CGM and think everyone should have it. Shout out to the FDA
for my A-HA on iCGM [applause], which is really exciting. Another huge A-HA was when JDRF and Helmsley
had an advisory group, and we were going to get all of us together to push for CGM. About three weeks later
there was a press release that the FDA had approved and moved CGM from premarket approval to a class II
with special controls with G6, and here we are thinking we are moving fast. The FDA was pushing even faster
than we were!

Ms. Carnahan: I do have to say I know that this love of CGM is true - if she can stick it on herself she will!

Mr. Brown: Kelly, what has been you're A-HA moment?

Ms. Kelly Close: This is truly a dream come true right now. I would say my A-HA moment has been how much
we have got to do in communities that most of us probably don't live in right now. I live in the Haight-Ashbury
in San Francisco where there is full employment and few people I see struggle financially, but in other places
in the Bay Area and around the country, there are many places that struggle so much with diabetes and it is
amazing to see the work that can be done to help them. It's exciting what has happened on a population level
(long-term complications, etc.), but at the actual community level, patients are not doing well enough or being
well-enough served. Community service is key. There's partnership, and then there's ownership and we've
learned a lot about how much progress can still be made among different organizations in the broader
ecosystem. How we all work together is complicated, and there's a long way to go. Adam, what about yours?

Mr. Brown: Mine has been how the pace of technology is accelerating. Next year it will be even faster. People
often ask me, "How do you stay up to date?" "Well, it's my full-time job. And if you think this is fast, it's only
going to get faster!" On Thursday when we traveled here, there were three major FDA device approvals in one
day (Senseonics' Eversense, Medtronic 670G pediatrics, Tandem Basal-IQ with G6)! Three huge FDA
approvals in one day! One of those alone would take us the entire day, so things in technology are just
accelerating and that's going to continue. We're also seeing pharma and technology companies working
together now, which is spectacular and also really challenging because technology moves fast and agile and
pharma moves at a different speed.

Ms. Schiller: It's called 'slow' [Laughter].
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Mr. Brown: On that note, Marie, since we visited the Lilly Cambridge Center in May, I thought
it was really neat what you had set up. Why is it set up like that? How do you think about
running a startup inside a pharma company?

Ms. Schiller: In 2015, when Lilly could see the tech boom coming, my boss said, "Let's take a different vantage
point" - part of that was looking and realizing there are differences in developing drugs and technology. In
drug planning, you have ten-year plans but only expect changes maybe every three years with indication
expansions or CVOT data. In tech, we're throwing out release maps that could come out every three months or
faster. But the reality is that we can't follow the playbook of pure technology companies either because we
have to consider drug development. For example, how will we cross-label algorithms on new insulins? We're
letting that separation [from pure technology companies] happen and creating a team we can bring together.
What I have learned about scaling up on the device side is unbelievable - you can't be small and not look at the
field around you. Small could be "big" companies simply starting something small inside.

Ms. Carnahan: Thinking about the Sanofi partnership with Verily (Onduo), it has been interesting to observe
those two different cultures coming together and the learnings that have come out of it. You have to take the
best of both of them and put them together, then decide what is best. I think there are a couple of things
getting in the way right now - a bunch of perfectionists coming together can get in the way of the good. Also,
when smart people in the room maybe aren't thinking about what is happening in Rochester or understand
what is happening in other parts of the country, getting off of the ground can be difficult. I think we need to
think about how we bring those things all together when we collaborate. Last thing - quick shout out to Josh
Riff CEO of Onduo, who can speak both languages (pharma, technology) together very well.

Ms. Schiller: Michelle, you love board of director meetings!

Mr. Brown: What about Novo Nordisk and your partnerships with Glooko and IBM Watson -
what's it like for these cultures mixing?

Ms. Sylvest: Novo Nordisk has been innovating products for almost 100 years. Everyone should expect us to
keep doing that, bringing more innovations to people with diabetes, both type 1 and type 2. But we still need
to combine this with technology innovations and behavioral modification. That combination in itself is very,
very strong. We're working with IBM Watson Health - that partnership is about making sure we get a lot of
data and can analyze on the data to understand how to treat different patient segments in the future. We're
working to help physicians learn who to treat, how, and when to get a better return on investment for payers.
Then with Glooko, we have more front-end solutions for people with diabetes, such as apps as well as apps for
doctors to help the way they treat - our connected pen is part of this. We don't think one collaboration is the
fix for everything. We are open to multiple partnerships and think many partnerships will make a difference
for people with diabetes. We're excited for what this will bring. I worked for the last couple years in China,
and things are moving fast there - everything from technological innovations to support for healthcare
providers, supporting patients, and supporting the government as it figures out how to pay for all for this.
Many other countries, including the US, can follow up on this very soon and drive this vision forward. In the
end I think we all want better care for people with diabetes, and that's what we're combining our efforts for.

Mr. Brown: Marie was talking about having to think "big" since the scale of problem is so
huge. Sophie, you have 650,000+ FreeStyle Libre users and you manage operations. What has
it been like to scale that product?

Ms. Dutilloy: It has been an incredible journey. We developed the Libre for a broad population of patients,
affordable enough to really be bold with payers and to go for broad reimbursement which we got in many
cases. The pace at which it's been adopted has been incredible and very inspiring to be part of it. We get a lot
of testimonials from patients, even on social media they aren't shy about the difference that the Libre has
made. It's been completely inspiring but challenging as well. We have an incredible team with a lot of
experience in sales and marketing; we've had to change a lot of the things we do - we have to think and act fast
to respond to demand. The product was disruptive in the way we want; 650,000 is just scratching the surface.
My job is very operational, so I'm not so involved in upstream operations. For me, the tradeoff has really been
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in which market to launch Libre. Initially we decided to prioritize markets based on ability to get access, and it
has been a difficult decision because the decisions affect many people.

Mr. Brown: Quite relevant to Libre, this next question is about tradeoffs. It's easy to build a
product with 42 bells and whistles that have pros and cons, but all medical device companies
have to make tradeoffs. FreeStyle Libre did well saying "here are the problems in CGM, here
are the problems in fingersticks," and then solving for that. We'd love to hear about the hard
problems your teams are wrestling with? How do you tease them out?

Ms. Schiller: When we had a group in for the Blogger Summit, we had a session going through the tradeoffs
on insulin pens. For example, when we have concentrated insulin, you can have a smaller pen - it's more
discreet, fits better in your pocket, or you can make the same-sized pen last longer, which would also be nice!
That's a real tradeoff - pros and cons to both. Same thing with connectivity. Do I want all my experience on
the pen, or should I be able to do it all on my phone? Another tradeoff you have to make. But on a larger level,
what keeps me up at night is "don't let perfection get in the way of progress." Everyone talks about minimum
viable product (MVP), and my team asks if it's a "minimum product" or a "viable product" - MP or VP?
Sometimes it's more of an MP, but all of us have to learn, as outcomes become more and more important, that
implementation trials are just as important as the first clinical trials are - they are part of the "build, test,
redefine" process that we do. We need to get there fast but get there fast with something we can learn from.

Ms. Carnahan: There's also a tradeoff in all of the data we're going to be able to have. What is really the
pertinent data that we need to collect and understand that will become real info to act on? This is an example
of where the Verily folks are really happy, but how do you get through all of the data to find the real solution?
Regarding the other piece about perfect being enemy of the good, technology is so fast when you are moving
something forward and that's a challenge for pharma because we're used to long cycles. We need to decide
what's really worth stopping and slowing down and what's nice to have immediately.

Ms. Sylvest: When we talk to experts about diabetes and people living with diabetes, they say we would really
like you to help us forget about our disease and live our lives. We can invent a lot of apps and technology that
keep reminding people about disease - check the app, check your sugar - but all that they're trying to do is get
away from it and live a normal life. To support people with diabetes with enough care but not more than what
it takes to live a normal life is our goal: making a complicated solution very simple. We're trying to do that
with a combination of great products and great technology.

Ms. Close: Adam, how do you think about this concept about tradeoffs?

Mr. Brown: I've been thinking about smart pens after that Lilly summit - I think they have the tightest link
between the product design and the business/commercialization strategy, and therefore the hardest
composite decisions to make. Do you focus on using a disposable pen with a smart cap or building a full
reusable pen? They are very different business models and commercialization strategies. It's tough!

Mr. Brown: We always want to see expanded access and more innovation, but sometimes,
those don't go in the same direction. How do you think about the balance between access and
innovation?

Ms. Dutilloy: Access is a really big challenge, and there are so many products out there that don't make it to
patients because they're not reimbursed.

Ms. Close: I think you're all working on it. You can create so much value. I had such bad hypo last week; for 2
hours I couldn't do anything. Diabetes is a real drain on productivity. It's access through innovation that
makes things so much better. I know we keep harping on reducing long term complications, but $1.3 trillion is
what we're spending on diabetes and a $50 billion investment in therapy and technology? By comparison,
that's not very much!

Mr. Brown: What is the hardest question you constantly ask yourself or your team?

Ms. Carnahan: What if we're forced to make a decision between innovation and access? That's the most
difficult thing in front of us. Kelly, you're right, one drives the other, but we have to get better at
communicating that and telling this story. It's a false choice - I don't want to live with it, I don't want my
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children to live with it. But we don't tell the story, and we don't communicate it. We've got to address it
because we're going to be faced with this question.

Ms. Schiller: For me, it goes back to speed vs. perfection. It's a hard decision and maybe ties into access and
innovation. Here's a real one: if we can make connected pens with BGMs that are cheaper than CGMs, should
we try do this? Or should we use pens with CGM data to show we can kill outcomes? I think we need to
innovate around access and change how we get paid. Let's talk about not getting paid for trying; I think that's
what we all have to be thinking about. You described it well with your boats, Kelly; this is a systems problem
and a last-mile problem, and if you don't think about it from a systems perspective, we will fall short.

Ms. Sylvest: Only 6% of people with diabetes are actually in good control; that's the real battle we have to
fight. (Editor's Note: This stat references Novo Nordisk's Rule of Halves analysis, which is powerful and
slightly terrifying.) We are working a lot on how we can change that. We've worked on this for 100 years, and
things are not really getting that much better in terms of the number of people struggling with diabetes. That's
what we are struggling with. All of the innovations we've created - how do we complement those with the
technology we discussed? How can we do that in a way where we can make leaps forward and not just be
happy with 6% in good control? We're not happy with that, and no one should be. That's a fight we really need
to win.

Ms. Close: It is too few [in good control], but you have brought so much innovation at Novo Nordisk. Back in
the day of the old insulins, when we could finally take human insulin it was amazing, and you have brought so
much innovation to this industry. I know my team knows this, but I tell a story of dating someone new and
trying to hide my diabetes. Once, when I was in the hospital for severe hypoglycemia, this person said, "You
must feel like your body is really betraying you," and I said, "No I just feel like I failed." We have come so far.
Thank you.

Ms. Dutilloy: Picking up on something we said earlier… People just want to get on with their lives. We want
people to engage with our products and the way to do that is let them live their lives like they intend to. How
can we make the products simple? Everything is about simplicity.

Mr. Brown: Thank you all for such an amazing, insightful panel! We'll return in a bit with our second panel.

Ms. Close: And you'll see them back here for audience Q&A at the end.

Panel Discussion #2

Jennifer Block (Vice President of Clinical and Medical Affairs, Bigfoot Biomedical, Milpitas,
CA), Annika Jimenez (SVP, Data, Dexcom, San Diego, CA), Shacey Petrovic (President/COO,
Insulet, Billerica, MA), Laura Stoltenberg (VP/General Manager of MDI Solutions, Medtronic
Diabetes, Northridge, CA)

Mr. Brown: What has been an A-HA moment for you in the past year?

Ms. Annika Jimenez: Going back to the point you raised earlier, it's really the pace of innovation and how it's
accelerated, in particular with Dexcom's iCGM. I'm super excited about that, but what that means is we have
to accelerate how we integrate with all of our partners. That's the expectation that the FDA is setting for us.
Suddenly, we don't just have to be really great at the core components of CGM, we have to be great at
integrating the core components of our partners. These core competencies are great - they got us to the table -
and now we all need to have the data skills and cloud capability to move data securely. Patient privacy and
consent must be at the center of what we are doing when we apply robust processing in a way that delights
and lessens the burden of this disease. My A-HA moment is that we all have to integrate our core
competencies in these new technologies to meet this new kind of world.

Ms. Shacey Petrovic: I think what you're saying about core competencies makes a lot of sense for this
educated and aware audience. It's also important to remember that at ADA, ~70% of clinicians probably have
CGM for patients. When I talk to the average clinician or patient, they associate technology with complexity.
What we're trying to do is to use technology to provide simplicity, and we tried to do that by incorporating
consumer technology skillsets into our technology. My A-HA moment is that it's a very difficult thing to
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integrate technology skillsets into a medical device business. Dash is a good example of that, and we have the
potential to take tech and show the population that it is really a simple thing.

Ms. Laura Stoltenberg: A couple of A-HAs… They're really about the patients. As we're launching Guardian
Connect with Sugar.IQ, we're hearing stories of people who have had diabetes and who think they're totally on
top of it, and all of the sudden they get this insight, "Oh, it's peanut butter I react to!" We're starting to hear
things about how the time of day I have a coffee affects my blood sugar because of stress levels. We can't write
anyone off and say they have it under control; we have to be tireless and understand that there's always an
insight to provide. Another thing around being tireless and always pushing forward: We're in industry. You all
are making my life harder, but if we do our jobs, we're making things better for patients and physicians. The
investment and level of energy we're putting toward diabetes - I've never seen this level of energy and
innovation. So, if it feels like it's a competitive environment, it's actually a great thing.

Ms. Jennifer Block: My A-HA moment cannot be that I'm more comfortable in front of data than a panel.
[Laughter] I started my career as a nurse and diabetes educator, worked with adults with diabetes, then went
to high-risk OB work and learned the importance of glycemic control. Then I met Dr. Bruce Buckingham. I
was his first hire and worked on his first grant ever in CGM technology. We were embarrassingly working with
the GlucoWatch, the first real-time CGM. We knew we wanted real-time feedback, so we would bring in
people every day and download it. This was in the early 2000s.

Ms. Close: It's not embarrassing, it's amazing.

Ms. Block: I loved what I was doing. I continued to work in research and understand where we are. My A-HA
moment has been personal; so much of the work I did in AID and CGM was about optimizing care for people
already doing relatively well, but when I went to clinic and wasn't in research I had patients with A1cs of 11%
or even 14%. A lot of the technology I worked on in research wasn't going to answer the problems that cohort
was facing. The people I lost sleep over weren't going to use the AID. 66% of US adults with type 1 diabetes are
seeing PCPs as their only method of care; this is a group that I had to learn was, unlike me, scared of insulin.
We have amazing therapies, we have incredible tools, and we have got to find a way to finish the final mile. We
have to really understand what's hard and help people to get access. [applause] Oh, and I almost forgot, I
work at Bigfoot now.

Mr. Brown: Very powerful, Jen. The next question is the same as earlier: What are some of the
hard tradeoffs you face within your roles and companies? Annika, let's start with you: on this
question of interoperability, how open should we be? How interoperable should we be? Where
do you draw the line with the public API?

Ms. Jimenez: We were really excited to launch late last year. It is a little different for our industry to launch
this, and what we released is called a public API - that doesn't mean that our data is completely free and easy
to get. It is secure and patient-compliant first, but because of that we have really tried to take a step to set the
standard for how data should be consumed. Dexcom has a great role in that. We encourage you to check it out
online to see what code you can use and the dimensions of the data we are releasing with the intent to drive
CGM data as a currency in the industry. Ultimately, we are grappling with how far we take that, and I think
with the G6 - when can we get real time data through that API - that's something that we are actively thinking
about. It brings up a bunch of important strategic questions which I call the last mile - the question for me is
how much does Dexcom need to own of the last mile to drive what to do with this data?

Mr. Brown: Shacey, we feel like Dash is such a product of hard design tradeoffs too. What did
you wrestle with?

Ms. Petrovic: We're always wrestling with ease of use, functionality, and simplicity. As Jen said, these devices
aren't used broadly. We're part of an elite class that has awareness to pumps, CGM, smart pens, all of that.
How do you make a device that's usable for the masses and that's simple/intuitive, but also has the features
everyone wants and is competitive in the market? Dash is a great example of all of those things. It's a device
that someone newly diagnosed could use. Let's not go after pump users, but target people who aren't doing
well on MDI. The way we decided to do that is by leveraging mobile technology in the same way a person is
able to pick up a cell phone and understand how to use it. We picked up technology, cloud computing, human
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factors skillsets… but we weren't going to have a custom medical device handheld. All day long I heard
complaints from internal users that this was the wrong choice - e.g., pulling out the integrated meter - and
people would be upset, but the choice was made two years ago. A growing number of our users had CGM, and
people were relying more on their phones and getting more used to Bluetooth integration of things. I think it
was the right choice, but those types of tradeoffs are hard. We always have the tradeoffs of simplicity/
functionality and time/features. What are you not going to do, but still deliver a product that delights?

Ms. Block: I couldn't have said it better. Simple is so much harder than any of us really understand. It comes
with a lot of tradeoffs; to make those tradeoffs, one of the things we've really learned is that you have to
understand the entire ecosystem. The needs of clinicians are really different than the needs of people with
diabetes. Both have huge challenges to reach outcomes, but we have to remember what it looks like to deliver
diabetes care to patients. In our case, that may mean fewer knobs and dials while achieving the same
functionality.

Ms. Stoltenberg: I completely agree. The way we think about it is value vs. burden. If we want to bring
additional value, whether that's a unique insight on time-in-range, sleep, or less hypoglycemia, but we're also
asking someone to do something that they're not doing today, then we have to be really careful about the
burden. We completely fail if we sit in our offices and fail to recognize that everyone has a different perception
of the value and extra burden. It is really about what physicians and patients with diabetes value - will they
make extra effort we're asking? Sometimes they do because the value is worth it to them, but we also
recognize that this is an individual decision, which is why we're expanding beyond type 1 diabetes and pumps
because we can't assume what's best for everybody.

Ms. Block: As a healthcare provider who's now at a startup I hear this concept of return on investment all of
the time - I feel like I'm channeling my inner Jeffrey Brewer right now, but that's what it is when we are
talking about value and benefits vs burden.

Mr. Brown: On this point on value, I think Medtronic did a brave thing today with the 670G
performance guarantee program. They're saying to a payer, "If someone ends up in the
hospital with a diabetes-related event, we'll reimburse you for it up to $25,000 (over a four-
year period)." We make technology, but now we're building a business model where we stand
behind it. Any thoughts on value-based healthcare?

Ms. Block: We don't have an option to demonstrate value anymore; that's what we need to do to get
reimbursement. It's really sobering to see the results in type 1 at this meeting, and also in type 2. We need to
stand behind what we're doing and build evidence.

Ms. Petrovic: It's easier said than done. It has to be practical, put it into practice. That is a good example of a
way to do it, but it can be complicated. There are a lot of factors to how you deliver that outcome and how that
outcome is measured. I see it coming, I'm fully there, and the technologies are coming together, molecules are
coming together with the technoogy, but there's a lot to learn. Some of us are a lot further along in how this is
really going to take shape and play out.

Ms. Jimenez: We need to adjust our business models to parallel - having seamless integration between
systems owned by many players in the industry. For value-based care, it means we need to think about how to
build that model. It's taking us from what we've traditionally been good at and perhaps moving us toward this
risk-sharing like Medtronic. It's for sure a challenging prospect, but something we're thinking about. The
realization is that we have to partner to be good at that too. Putting out a creative bundle? That's hard.

Ms. Petrovic: Do you think there is a learning curve for payers and companies?

Ms. Close: It would be cool if you did even more work with NIH and appealed to them more broadly about
patient-reported outcomes. What are the right ones? How do we measure them? We're kind of in this mess in
how we think about cardiovascular outcomes trials. They're really hard to compare in terms of value - with
different definitions and the many different kinds of patients in them.

Ms. Block: I think there's a missing piece, which is actually understanding the real cost of delivering care
today, and there's also a really important component of value, which is how much are we actually spending
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and getting paid. For us clinicians to figure these things out, we have to understand the implications on the
healthcare system of anything we put out in the world.

Mr. Brown: On this topic of value-based care, do you think we're in a particular inning of a
nine-inning baseball game? How early are we? (Or pick your sports analogy of choice!)

Ms. Block: I don't have any idea, but here's what I do know: The road in front of us has changed a lot in recent
years and it will keep and changing. As such, our approach to this environment needs to keep changing as
well.

Ms. Jimenez: The minimum viable product concept comes up a lot, and the private payer market encourages
that. Conversely, Europe and other countries have opportunities to hit scale at the national level, which is
really exciting. I think we're in inning three.

Ms. Stoltenberg: Just to build on that, the themes we've been talking about around personalization - to a
person with diabetes, to an HCP to make the right decision - we're learning that we have to do the same thing
for the payers. They can be a positive partner in this. The 670G guarantee grew out of confidence in the
outcomes, taking a look at the payers and coming to them with clinical and economic data, but there was still
hesitancy to open up access. So we're trying to drive the conversation, but with an understanding of what's
important in that world. Depending on who you're talking to, we're either rounding third and coming home,
or maybe just stepping up to the bat or trying to bunt.

Mr. Brown: What is something you've changed your mind on in the past year?

Ms. Block: So many things. It's really quite a transition to move from delivering care 1:1 to designing things
that can support people at scale. Actually recognizing that intensive management isn't always preferred by the
broader number of people, I've had to re-learn and re-prioritize what I want the products to do. I'm now so
interested in moving A1cs at the upper range down and far less concerned about fine tuning.

Ms. Jimenez: I came out of the tech sector before joining Dexcom. I was one of those annoying tech know-it-
alls, thinking I was going to build a startup within the company and change the culture. As a result, I looked at
regulation as the burden I had to go through to get what I wanted, and that has completely changed, especially
over the past 6-9 months as I've seen how the FDA has been pushing industry to respond to the strong desire
from the patient community to move faster. That has changed in parallel to my very new, strong appreciation
for the DIY community that has really driven the whole notion of open source in an industry that really does
not like open source. This is not a trivial prospect, so I understand what Loop and OpenAPS have really
accomplished in catalyzing this pace of innovation. For us to leverage that pace of innovation will require an
epiphany for a lot of us. We can embrace that community rather than let it be on its own.

Ms. Block: I don't know who had the opportunity to see the Do-It-Yourself presentations at ADA, but they had
a symposium at ADA that was amazing, and Dana Lewis put up a slide that showed when some of these
features came up - as fast as industry can move, the DIY community is moving faster. We are slower for a
good reason (e.g., regulation), but we get to learn from this, which is so inspiring.

Mr. Brown: One last question - what's the most disruptive trend in diabetes that doesn't get
enough attention?

Ms. Petrovic: I think - someone may have referred to this earlier - the patients share a voice. We're just
starting to talk about it, but the way the OpenAPS and NightScout communities came together. Look at the
way patients, payers, physicians share a voice in bringing innovation to market. In this market I see the
patient voice driving things, and it's only getting stronger. It's remarkable.

Ms. Stoltenberg: There's a lot of news on AI and big data, but what we're not talking about is that it can truly
become personal. It's not about how much data you have but using it to enable the right decision for one
person - and less may be more. We're on a journey to learn what AI and big data means, and we need to
challenge the value we see it provides.

Ms. Jimenez: We're at the beginning of applying machine learning to data, and that has a lot of challenges.
Inherent expectation of transparency, and that's another tradeoff conversation. How transparent can we get?
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What if it's all wrapped up in IP? But I think patients and HCPs are not okay with black boxes. So if our
algorithm predicts X, how transparent should we be? What features can it be narrowed down to? Do we really
lay it out there so people understand it? That's going to be disruptive. And another disruptive thing to drop on
you guys…. We have a koala wearing a G6 at the San Diego Zoo.

Mr. Brown: What's his glucose?

Ms. Jimenez: I'm not sure, but he's a type 1.

Mr. Brown: You should stream his data online and have a webpage - people would go crazy!

Ms. Close: Maybe it would help the people who really need to get CGM or be more aware of its value.

Ms. Block: We were given these questions in advance, and I was going to speak to the DIY movement, but
what I'm terrified about it the number of clinicians exiting diabetes care - we're going to be challenged to find
skilled clinicians to support people with diabetes. We're going to do a lot to innovate, and you've heard from a
lot of people doing incredible work. But I have type 1 diabetes, and I don't know who's going to take care of me
when I'm older. I'm really worried about it. [applause]

Ms. Close: I think all of us should think for 10 seconds about what Jen just said. What kind of community are
we making for nurses and others to go into?

Audience Q&A

Mr. Brian Levine (Close Concerns): I have two questions, and you can choose one to answer:
(i) If you could put up a billboard that everybody sees, what would it be?; and (ii) what dream
study would you run if funding weren't an issue?

Ms. Block: I can handle the dream study question. For me, it would be the study that's so challenging. We'd
take people who are pretty far from reaching their glycemic goals, and we try to support them using the tech
that already exists. That's the group that we have the most room for improvement. It's also the group that's
been the most challenging to reach and has significantly more hypoglycemia and DKA. They're really not
doing well despite all the advances the field has made. My dream study is working with them to meet their
challenges and to improve their outcomes in a way that is sustainable and can be longitudinal.

Ms. Close: How would the trial be different in terms of their communities? Because many of these aren't
about technology - it's about having three jobs, food insecurity…

Ms. Block: Reaching that group of people is really hard. That's the challenge. We need to design the studies so
that they can consent to participate and be able to do so without coming in person. We could even leverage
this through Apple's ResearchKit and others and reach them where they are.

Ms. Close: Who else do you want to help you? Or do you think the companies understand all of the different
heterogeneous underserved populations well enough?

Ms. Block: I don't think any of us do, and I think we could collectively share the learnings we have to
understand better. I think the world of diabetes does better when we help these underserved populations, and
this takes a village.

Ms. Schiller: Just to answer the billboard question; more "yes, and…" thinking, because I'm so tired of the
"yes, but..." And to build on this idea of collaboration within the industry, how can we help as a device
company? How can we help insulins prove the benefits of the incredible technology they've developed and
facilitate access to these incredible products? There's so much we can do there.

Ms. Sylvest: My dream is exactly the same. We want everyone with diabetes to be in control, live a normal
happy life. With recent products we can get 70% of type 2's in good control, but with the help of my colleagues
here it could be 100%. We need to team up so that this is possible, and convince payers that diabetes is a
ticking bomb. It will only be more expensive in the future if we don't invest now. We need conversations to
help payers invest in the things we have confidence in. Value-based contracts will help us get started.
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Ms. Jimenez: My pithy summary is "better together"; we must embrace the strengths we all bring. This is also
self-directed, but we must resist the temptation to control every element in the value chain and figure out how
to bring our core strengths together to be better.

Mr. Brown: On the partnership front, is the hardest part worries about liability? What's hard
about being better together?

Ms. Petrovic: It's a competitive landscape issue: wanting to maximize our value instead of the whole.

Ms. Sylvest: I don't think we are worried about taking risk or the ROI - that's not the real worry. The real
worry is how do we meet people with diabetes where they are because they are not all in the same place. How
do we figure out the way in which that person with diabetes needs to be treated vs. that one? There are those
who are over-engaged, those who couldn't care less - that's the worry. How do we do that right and
understand that part? That's really difficult.

Ms. Close: I want you to also think about where can a person with diabetes be.

Ms. Block: The value of knowing where you are today is that it allows you to consider where you can take the
next step. We can do it on the healthcare system level too. Today, if I want to take a patient from MDI to
pump therapy, that experience should be relatively simple. But the barriers need to be reduced. It needs to be
easier to make advances both for the person with diabetes and for the healthcare providers supporting them.
The cost in making the transition should also be less.

Ms. Stoltenberg: My billboard is, "Save the Children," because adolescents are the challenging patient in my
mind. I see the T1D Exchange trend with adolescents… They have the most to look forward to.

Ms. Block: [Insulet Medical Director] Dr. Trang Ly is in the audience, and we worked together on a paper
about how much we could offer adolescents - it was declined because we weren't being realistic enough!
Without going too far, I think it raises an important consideration for adolescents; some of the barriers we're
facing can't be addressed with drugs alone.

Mr. John Dee Fair (dQ&A): Thank you to everyone here. The last few days at ADA I've heard a
lot about devices, technology breakthroughs, software, and molecules. I could've used a little
more prevention and nutrition. I've been so impressed with what I've been hearing, and I
would love some energy or optimism to take home on that front.

Mr. Brown: To start, I saw a brilliant two-year study of low-carb diets in type 2 diabetes. The room was
packed! They compared low carb vs. low fat in a well-controlled study, and found similar A1c reductions
between the two groups. Low carb needed ~40% less medication to get to the same A1c level - which most of
us would say is a good trend. But there was 53% drop out, so something was missing (in both arms).

Ms. Block: Did you happen to see the lipid levels?

Mr. Brown: The low carb arm was also low in saturated fat, so it improved HDL and triglycerides. Nothing on
LDL though.

Ms. Jimenez: We're actively trying to bring in a lot of different data sources into one device. All of that
knowledge is trying to predict glucose by considering the context. Putting the data all in one place and
learning from it is all applicable to prediabetes and type 2 diabetes. We could take it further upstream into
prediabetes and wellness. I think some of the learnings will be applicable in more of a preventing disease
progression focus.

Ms. Block: I'd add that we're also seeing very similar trends in terms of obesity and overweight in type 1s and
type 2s. On an optimistic front, we're recognizing and acknowledging that we have another challenge to face.
We have to address these issues with lifestyle across all states and regardless of diabetes type.

Ms. Stoltenberg: From the Medtronic perspective, the beauty of this is you don't have to be on technology or
devices all the time to get insights. At ADA we just debuted Food Print reports for patients with type 2
diabetes on professional CGM (with Nutrino). It's about finding what "just eat right and exercise" means for
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an individual patient. We're committed to using technology to give patients an "A-HA moment," even if it's
something small.

Ms. Block: I don't think anything has taught us more about nutrition than CGM!

Dr. Rich Bergenstal (International Diabetes Center): I'm concerned about our current
healthcare system and the focus on the visit. I'm convinced that, while we can do great with
new technology and AI, it's really about what we are doing between visits. Especially
considering how now we have cloud-based technologies and other advancements, how do we
build those into our systems? At our current rate we're never going to get there, and at this
moment we really need support between visits. How do we get this across? Do we need to
prove how important it is?

Ms. Carnahan: I'll talk about Onduo. We're just getting started out in South Carolina, Arkansas, and Georgia
in all places with a "virtual diabetes clinic." They're working with individuals, but also giving coaching through
the app - what are you managing and how? What you hear from people working in the centers is that these
people don't have access to healthcare. Someone thought a muffin was a healthy breakfast, but that changes
when you see what a muffin does to your blood sugar. These learnings are important: technology can do
amazing things, and it can be simple like a virtual clinic - it's not just pumps and connected pens, we need an
ecosystem of support around those things.

Mr. Brown: What I like about Onduo, mySugr, One Drop, etc. - they're radically convenient, as we shared in
our apps presentation on Saturday! Supplies are shipped automatically, usage is tracked, and shipments
happen again automatically. I think we often forget about basic logistical stuff, like all the hoops people have
to jump through even with good insurance.

Ms. Dutilloy: In Europe, some economies are failing and that's causing changes. In France, telemedicine is
reimbursed, which is very positive and attractive. I think that will help new technology and new methods to
come to market. In the UK, the NHS is really pushing secondary and primary care communication. We're
running a few pilots with Libre to enable that.

Ms. Petrovic: My only thought is about telehealth and how you might serve up the insights and also the
insights that need to be served up. The tech is there now to collect the insights that need to be offered up to
the patient. But how do you do that in a way to meet patients where they are? It sucks today that patients have
to go in every six months and are battling it out the other six months.

Ms. Block: Last year at ADA, Dr. Irl Hirsch presented a poster where he looked at every full-time clinician in
his office and found that ~1,500 hours/year were spent on paperwork in support of the clinicians. That's 30
hours/week. It feels like you're drowning in prescriptions and paperwork. The average person with type 1
diabetes has 10-11 prescriptions.

Ms. Jimenez: Going back to bundled solutions, we have One Drop and Livongo in the mix, and I think this
touchpoint is really interesting because there are now a couple different models. Some have real coaches and
others are moving towards chat bots. Of course, Verily and Onduo can scale the learning that drives the
transition from real humans to AI-based chat bots, and that's what's exciting about getting to scale. So, the
ones who will be really great have that as a core competency.

Ms. Schiller: I was just going to share personally, Jen, you said you're worried about doctors not being there
and often times patients just aren't going to doctors, myself being one of them. So we can do it, Rich; I don't
go into an office, and I don't take A1cs anymore because I use CGM. For example, Steve Edelman has shown
lots of variability in A1cs, and I think all of us need to figure out how we can enable different ways to manage a
disease with constant data. It's not going to be easy - we talked about certain communities not being able to
get care and lacking access, but CGM and constant care are certainly new, at least in the light of a chronic
condition that has previously only had acute data. We need to create a healthcare environment that can deal
with real-time data in an efficient way.

Ms. Stoltenberg: And payers who will pay for it. We need to do this in partnerships and know what technology
enables it. Beyond that, a lot of what you're talking about is gentle nudges in human interaction that we all
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need in between visits. We all know about PAs and CDEs and nurses who do it on their own time, and now
payers say, "Pay us for it?" That's a challenge, and that's where we all have to say, "Don't pay us for this one
interaction, pay us for the outcome."

Ms. Block: We need to have complete data. It's one of the reasons I've done a lot of work with my team to look
at insulin data from injections, from pumps, and to design the algorithms that make those adjustments when
we understand the problems HCPs are facing and the fear around working with insulin - a lot of it is around
supporting the patient the way they need to be supported. We run these scenarios like "couch potato to
marathon." The changes don't happen every visit - they happen when we least expect it. The way I look at the
world, we need to automate those changes. The systems I use have algorithms to change in real time. I need to
support you whether or not you're automating at that moment. I need to learn everything about you so that if
you stop automating, you're still in a good place. For systems with a mobile app as a part of it, we capture all
CGM, insulin delivery data and make it available in the cloud. This helps us be more targeted in the
interventions we have. I don't think we're getting more clinicians or getting paid better. On your point, we
don't need them coming in more - the people who come in are fine!

Ms. Close: When we think about people coming in and trying to do things on metformin, maybe that's all they
have… I'm so happy for these new innovations. This has been amazing! All of you said yes to a 9:30-1:30am
program! Thanks to Emily Fitts and amazing team at The diaTribe Foundation. And here's Emily with the last
question…

Ms. Emily Fitts (The diaTribe Foundation): In one sentence, if you had a magic wand and you
could make one thing happen, what would it be?

Ms. Stoltenberg: Diabetes proud. This is a disease, and I've been in other clinical states where there's too
much blame. We have to be diabetes proud and have optimism that things will be better.

Ms. Petrovic: I'd like to understand how to make people happy. We have a lot of tech and molecules and
telehealth, but I don't know if we really understand today what it means to make someone with diabetes
happy.

Ms. Sylvest: If we are talking magic, I'd like to find the cure for diabetes.

Ms. Dutilloy: I'd like to be more pragmatic on how we can collaborate to expand access. There is so much
more we can do across pharma and medical devices to improve each other's impact on diabetes.

Ms. Jimenez: More data!

Ms. Block: I hope everyone can achieve the outcomes we set out for them with diabetes fading into the
background to the point where it eventually disappears and takes less mind space to manage.

Ms. Carnahan: I can't top diabetes proud. I spent years working in industry in depression and the old stigma
was taking Prozac. I came into diabetes, and I was in first market research session and was sitting cross from a
woman with type 2 diabetes. She said: "Only my husband knows I have this because there would be so much
judgement. People would say it's my fault because I'm fat and lazy." It was like working in depression in 1991!
If you could do diabetes proud it would do a ton of good. Anyone who could only tell their husband - how
could they get what they need?

Ms. Schiller: Kelly Close for President. [Laughter]

Ms. Close: And that's a wrap! A huge thank you to both remarkable panels and these incredible leaders! We
share big appreciation to all of you for joining us and to all of our sponsors for making this wonderful evening
possible and for enabling so much at The diaTribe Foundation with your generosity. We'll see you next year in
San Francisco!

Musings Under the Moon: Fireside Chat

Following the diaTribe Foundation's Musings Under the Moon event, guests were treated to a stimulating
fireside chat between Livongo's Mr. Manny Hernandez and our own Mr. Adam Brown. The two talked all
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things tech and digital health, ranging from engagement and truly consumer friendly products, to the nuances
of digital coaching.

Mr. Brown and Mr. Hernandez both underscored the importance of frictionless digital solutions - whether
that's giving advice through a coach, opening an app, reordering monitoring supplies, or beyond. Mr. Brown
equated each user interaction with technology as a transaction - every press of a button should provide
valuable insight and some return on the investment of your time. Mr. Hernandez pointed to Google Assistant
as one example of frictionless consumer technology that could be a North Star for the field.

The two also discussed diabetes coaching and Livongo's approach. Mr. Hernandez noted that diabetes coaches
not only provide guidance and a resource for questions, but also can serve as "a very important source of
support" - especially for those living alone. One nuance here is how that support will delivered - via humans,
via automated approaches (AI, chat bots), or some mix? To this end, Mr. Brown referenced a growing trend of
market segmentation in digital coaching - both in terms of what technology is deployed (humans vs.
automation) and who is using coaching. Both touched on the field's need to understand how people with
diabetes respond to different types of technology. Said Mr. Brown, "We're not very good at segmenting people
in diabetes. Some people are motivated by data and some people don't care. We need to create personality
profiles for people to see what they're motivated by." Livongo is already doing some of this work via A/B
testing and the newly created Livongo Labs, and we're optimistic so much is going to be learned here.

Mr. Hernandez also shared thoughts on the potential to leverage technology to better empower people with
diabetes and reduce stigma. Mr. Brown referenced Abbott's FreeStyle Libre as a technology that patients
actually want to talk about: "If we can make other products that are so cool that people want to talk about
them, could we actually decrease stigma by making diabetes more visible?"

Mr. Hernandez spoke passionately about the patient voice, speaking from his time as the founder of the
Diabetes Hands Foundation. He cited FDA approval of Mannkind's Afrezza as an example of the powerful role
diabetes patients played as advocates. Still, he acknowledged that access remains an issue warranting further
attention. Referencing Ms. Camilla Sylvest's remarks from earlier in the evening, Mr. Hernandez underscored
that only 6% of people with diabetes are in "good control" (see Novo Nordisk's Rule of Halves Analysis). He
urged the audience to recognize this sad fact: "We have a real opportunity to increase innovation by thinking
of the 94%. As Bigfoot's Jen Block said, we have to think beyond optimizing - we need to empower all people
with diabetes."

The riveting discussion carried on until nearly 2 AM - never fear, see below for highlights on the topics above
and much more!

Panel Discussion

Panelists: Manny Hernandez (Livongo, Mountain View, CA) and Adam Brown (Close
Concerns, San Francisco, CA)

Mr. Adam Brown: Manny, to start, could you share some of your reflections on the previous
panel discussions?

Mr. Manny Hernandez: The first thing was just amplifying the thing you shared in your remarks: The crazy
pace in diabetes technology and digital health. We are seeing this at Livongo too: our membership continues
to grow and scale, we are now in diabetes, hypertension, and prediabetes, we've doubled our workforce to
more than 300 Livongans, nearly half of whom work from home, and we are continuing to hire aggressively in
all our teams. Livongo is seeking to fill more than 70 positions!

Second, we are also seeing more consumer technology folks come into the space, disrupting both the product
AND the process. Before, there were more people with a pharma/med-tech background in this space. Now,
we're seeing so many examples that infuse the process of consuming healthcare with elements of consumer
technology. More attention is really being paid to how people with diabetes actually live their lives.
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Mr. Adam Brown: You mentioned this mix of people with consumer tech experience and
traditional healthcare experience. What's a tough conversation that happens between those
folks?

Mr. Hernandez: Well, we need to create tension - that needs to happen for something interesting to occur. But
this tension needs to happen at an early stage - it can't be an afterthought. You need to combine the clinical
and consumer tension from the start. When people embrace this, it works beautifully for them and for the end
users of the product.

Mr. David Lee Strasberg: Can you train for this? Mixing the medical and consumer?

Mr. Hernandez: I think it is trainable since there's an element of mindset. For example, when we hire
someone at Livongo, we're not only looking for the right skillset, but also the right cultural fit. We have six
values at Livongo, and the sixth one is learning. We value being humble and in a constant state of adjusting
and tweaking. We are constantly A/B testing, and not only within our products but also as we deploy new
processes and programs.

Mr. Brown: Of the six Livongo values, which do you think is most missing in diabetes?

Mr. Hernandez: The first one - people. Our values are contained in an acronym PROPEL. "P" stands for
people. We put members first. If you're a Livongo team member and at any point you are confronted with a
challenge that you don't have an answer for, and you decide which is best, between option A and option B -
whichever makes consumer experience better, that's the answer. In the panel earlier this evening, I heard a
rapid acceleration in terms of more patient-centricity, which I love. Amy Tenderich published a letter to Steve
Jobs in 2007 asking for more iPhone-like medical devices in diabetes. And now we have a very different type
of conversation. There was a beautiful example at the Exhibit Hall from Insulet - Omnipod Dash. It's so smart,
but also so simple - they actually talked to people with diabetes!

Mr. Brown: I heard an interesting backstory on that project here at ADA. When that management team joined
Insulet, they had a precursor PDM called Phoenix - it was a custom medical device that had a resistive
touchscreen filled with long and clunky menus. The new management team killed that project immediately.
They realized Insulet users wanted to eventually dose from their phone, and keeping everything on a
dedicated medical device took them further away from the ultimate user goal. They restarted from scratch,
since they knew Dash took them farther away from their beacon.

Mr. Hernandez: Yes, often when you look at your insulin pump, it's not to give yourself a bolus, but simply to
consult information on the device. So, to be able to view the system status on your phone is brilliant!

Another discussion I found interesting was the conversation about humans vs. automation. I think chatbots
are promising in diabetes. A quote Glen loves that is relevant: "Any sufficiently advanced technology is
indistinguishable from magic" - Arthur Clarke. We're not far from that. I watched a video where the Google
CEO presented a conversation between the Google Assistant and a restaurant. Google Assistant would actually
call and make the reservation - it was successful. I found it so impressive.

Mr. Brown: What is the consumer example that should be our North Star? That we should
strive for as a pinnacle for simplicity in diabetes technology?

Mr. Hernandez: Google Assistant is definitely one. In general, we're surrounded by examples where
fundamentally, the pinnacle comes with removing friction points. For example, not having to worry about
logging your diabetes data is a major reduction in friction, and since 2014, that's something Livongo members
don't need to worry about. Little by little, we're removing friction points, so that you can ultimately focus on
only what you have to do.

The role of the patient really resonated with me in the discussion tonight. We are light-years ahead from
where we were, and you guys (diaTribe) are a great example of what can be achieved through empowering and
educating the community. It can be very intimidating for people - but we now have more voices for people in
the field. They're saying: "This is why this therapy or device matters to me." To this day, I remember what
happened with MannKind, where the first half of their meeting with FDA seemed challenging. But Kelly had
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mobilized a community, and during the open public hearing they played a massive video and highlighted
many voices in the community.

Mr. Brown: That was so symbolic. Usually at an FDA advisory committee all the patients and audience are
sitting in front of an intimidating circle of FDA panelists. This time, all the FDA panelists had to do was to
look up to see a giant video of Manny on screen - telling them why they should consider this drug, and what it
meant for people with diabetes. It was a very symbolic example of patient-centricity.

Mr. Hernandez: There's a movement of having more people feeling comfortable telling their story - that was a
lot of what was missing. Now, we're having a person with diabetes at every table - now we have become a
poster child of what can be accomplished.

Mr. Brown: Is the next frontier having payers at the table? Are they the new FDA?

Mr. Hernandez: Yes, and PBMs. They play a very important role in the ecosystem that impacts every one of
us. It starts with people with diabetes talking to manufacturers and everyone in between. As Camilla Sylvest
said earlier on the panel, only 6% of people with diabetes are in good control (Rule of Halves). Most people
are not happy or doing well with their diabetes. We have a real opportunity to increase innovation by thinking
of the 94%. As Jen [Block] said, "We have to think beyond optimizing - we need to empower all people with
diabetes. "Innovation means nothing if you don't have access to it."

Mr. Brown: How do you approach access at Livongo? Is it different from other companies?

Mr. Hernandez: One of things that drew me to Livongo in the first place is the fact that our members (the end
users of the program) have access to the program at no cost to them, since the program sponsor (a self-
insured employer, health plan, or healthy system) pays for the plan on their behalf. That's the ultimate
pinnacle of access. However, not everyone falls in category. There are those who are not eligible through their
employer, their health plan, or their health system, and end up having to pay out of pocket. But ultimately, we
are always looking at ways to make our product more affordable and accessible, and minimize barriers to
access. Ultimately, innovation means nothing without access. As we are thinking of the product, we need to be
thinking about access: who will pay for this? How are we going to get these great solutions in the hands of the
people that need it the most?

Laura Stoltenberg's comment (from the earlier panel) on welcoming competition was also an interesting
point. The space is a lot more diverse and interesting now. Personally, and at Livongo, I believe we all make
each other better. It's a great driver of innovation. It's a tragedy when people leave the space. Now Tandem
will be competing head to head with Medtronic, given Tandem's Basal-IQ (predictive low glucose suspend).
Now people who, rightfully so, prefer one platform over the other can have the same type of technology
opportunity. Competition does keep everyone on their toes. It keeps you sharp, innovating, and moving faster
and faster.

Mr. Brown: What's something that frustrates you in the field?

Mr. Hernandez: The area where I struggle is when a certain solution gets positioned in a way that is
misleading. There are solutions out there that talk about reversing diabetes, specifically type 2. That just
creates false hope and preys on people's hopes and dreams. When that happens, I have a problem with that.

Mr. Brown: I think you're talking about Virta, and just a couple of comments I'd add on that. I think Virta is
for people who are willing to do the program (ultra low-carb ketogenic diet) and for payers who are willing to
pay for it, and it does work for people who stay on it. However, there's always a question of durability, and it
will be interesting to see their longer-term data. But I personally think we need a bigger toolbox. I'm not
steeped in the science of reversal in type 2 diabetes, though Roy Taylor has also talked about using ultra low-
calorie diets to reverse type 2 diabetes. Maybe it's possible with a big enough intervention - reducing carbs or
calories dramatically. Of course, not everyone wants that, so we need a big toolbox of approaches. Maybe the
question I'd pose is, 'How do you market a solution in a fair way based on the data that you have?' Especially
as you get to Silicon Valley, the lines start to get blurry... The data have to be super robust, and sometimes you
have to separate the signal from the noise, and sometimes that's really tough.
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Mr. Hernandez: Remember that under all that is a person who is afraid. Let's be honest and transparent. On
the very positive flipside, I love the concept of behavioral interventions. How do we encourage more people to
feel safe? There's potential for people with diabetes to be empowered, but the stigma and fear to open up
about their experiences are real. All of us have an opportunity as we consider solutions we develop. We need
to ask ourselves: How can we empower the users of those solutions to feel more confident?

Mr. Brown: I think that's actually one of the reasons for FreeStyle Libre's success - the tech was so cool when
it came out that users wanted to show it to people. They wanted to talk about it. It's very uplifting! Imagine:
we can make products that are so cool, they actually decrease stigma by making diabetes more visible?!

Mr. Hernandez: I remember early on when FreeStyle Libre first came out in Europe. Flash
glucose monitoring was brand new, and there was a learning curve period. Then, a lot of
people on the type 1 diabetes side especially realized that it didn't have alarms. It's fascinating
to see the degree of adoption of Libre among type 1s. I was talking with someone about this -
what do you think about it?

Mr. Brown: I think we're not very good at segmenting people in diabetes. Some people are motivated by data
and some people don't care. We need to create personality profiles for people to see what they're motivated
by. People in this room who are driving innovation are early adopters. In some fields, there's a belief that if we
fix early adopters, things will cross the chasm into the majority. I'm not sure that's true in diabetes. The
product for the majority may be completely different from the early adopter product.

Q: What do you think about Eversense? Which category will it fall into? Is this an early adopter
product? Is this something we'll forget about?

Mr. Hernandez: Wearing my personal diabetes hat, I wouldn't say so. I had an opportunity to see the insertion
process today - it's super simple. Eversense has great accuracy with accurate results and it can integrate with
other solutions.

Mr. Brown: Earlier, I asked panelists something they've changed their mind on. This is something I have
changed my mind on. I was a longtime an Eversense skeptic, and that's because I was wearing my own cap
with my own biases. I wear CGM and CGM works great for me. But this is the totally wrong paradigm to
approach the landscape. Hearing people's stories who have worn Eversense has helped me broaden my
perspective. They're saying that CGM was never for them, but then they went on Eversense and say: "It has
changed my life." How can you argue with that?

Zoe Heinemann: I feel like when we train people on insulin and don't tell them about
glucagon, it's sort of cruel. A lot of patients are motivated to go on a pump, because they had
accidentally been given a long-acting dose with a short-acting pen. That stuff happens and
sometimes soda/glucose tabs aren't enough. What do you think?

Mr. Hernandez: I agree and can't add much to that. We're super lucky to have Robert Oringer sitting right
here, who is making intranasal glucagon (at Locemia, acquired by Lilly; submitted in 2Q18 in US/EMA). A
glucagon kit is an intense experience - and the end users are people my wife, at a time when they are likely
freaking out at their loved one passed out to a diabetes-related coma. It's very hard to get your head together
and mix it up and draw the syringe. To have something like intranasal glucagon would be amazing.

Mr. Brown: Speaking of the North Star of consumer-friendly products, glucagon is probably at the bottom of
the ocean, it's the least frictionless product that exists. [Laughter] Glucagon kits are the opposite of the
solution we want. They're not frictionless and they're a pain to get prescribed. A lot of time, glucagon is
necessary because of double dosing - no one should ever take a double dose. That is a solvable problem.
People should have access to insulin titration support and smart insulin pens that prevent that from
happening.

Ms. Kelly Close: What do you think about coaching? What's going well? What are the
limitations? What have you learned?

Mr. Hernandez: From coaches at Livongo and from what I've observed, coaches fill a role that may not be as
apparent as you'd think. Aside from the obvious clinical role, coaches become a very important source of
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support. We see a lot of our members that may live by themselves and maybe just need an interaction with
their coach. One member told us his coach is really helping him not to feel alone. Coaches are not just there as
an emergency response but also as someone to answer questions. Of course, we are always looking for ways to
scale.

Mr. Brown: How many people can each coach handle when on a shift?

Mr. Hernandez: I'm not sure. On the digital coaching side, there's an amazing opportunity to take advantage
of machine learning. We have deployed to our member population a library of possible recommendations
based on certain scenarios given their recent patterns (e.g., being consistently high in the morning, not
checking blood glucose enough, or being consistently low overnight). Users can get these recommendations
through the Livongo app and through the meter as a way to receive education without relying on an actual
coach. Another example - we are about to announce the launch of Livongo Labs. It's meant to be a hub for
innovation and accelerating concepts. This will allow us to try new things even faster and deliver novel
products and technology breakthroughs that will advance our programs and member experience. One
example of this will be work on our on-the-go meter nudges that give positive reinforcement messages on
checking patterns and help explore Livongo features.

Mr. Brown: The only thing I'd add on coaching is segmentation. I think we're seeing segmentation in coaching
technology and we need to better understand segmentation in the people who use coaching. Automated
coaching vs. human coaching vs. the combination is a point of differentiation in the field. But then the other
question is also important: who is each of those approaches good for? How does coaching technology segment
and how do the people who use it segment?

Q: Will Livongo include family members?

Mr. Hernandez: Yes, they're already included. When you check your blood glucose a family member can be
notified.

Dr. Dennis Harris (The Endocrine Society): Much of the tech we've been talking about,
whether Livongo, Libre, Eversense, or coaching apps - there's a level of engagement required
for success. Users can be given a ton of functional info, but they may not be acting on it. How
do you make that engagement happen?

Mr. Hernandez: When you have not even had diabetes education, you might not even know what a blood
glucose number means to begin with. There's a wide spectrum in diabetes, and we're trying to design for many
groups.

Mr. Brown: Medtronic plans to launch an interesting CGM engagement app called Inner Circle, where you get
more points for more time-in-range. You can redeem points for things - they haven't said what, but I assume
it's gift cards or something like that. Obviously gamification and extrinsic rewards is not going to motivate
everyone, but maybe some people will be psyched by Amazon gift cards. I think that's awesome. Every time
you engage with technology it's a transaction. I'm "paying" to click a button to open an app, and I should get
something back. One cool thing about Livongo is that you are pushed something back immediately after you
check, so you feel like it was a worthy transaction. We've had many apps that have poisoned the well in a way -
asking manual logging from the user, but not giving much back. Diabetes tech has to be frictionless and totally
passive, and then decision support should also be pushed passively to give real value.

Mr. David Lee Strasberg: I get it that digital coaching could scale infinitely. What's the biggest
barrier to scale for Livongo?

Mr. Hernandez: Most of us who live with diabetes don't just live with diabetes. The direction we've taken in
order to empower people requires an approach that considers the whole person across chronic conditions.
We're getting started, but there's so much more to do. If you have type 2 diabetes and hypertension and you
are expected to engage and interact with multiple solutions, one for each, there's that many more chances you
will fall off wagon. Right now, if a person who is eligible for Livongo has both, their interactions for type 2
management are all handled within the same platform. Chronic conditions are a massive epidemic - the
figures Kelly shared in the beginning are just mind blowing, that diabetes would be 12th largest global
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economy ($2 trillion per year). We have a clear point of view: we are taking the whole person into account
through a comprehensive approach. Our chronic conditions don't end when we leave the doctor's office, and if
we have multiple chronic conditions, we don't want to have to use multiple solutions to deal with them.

Mr. Brown: Manny, thank you for burning the 2 am oil with us! This was terrific.

Mr. Hernandez: My pleasure!

Interview with New ADA CEO Ms. Tracey Brown
We spoke with Ms. Tracey Brown in Orlando at ADA, when she was just three weeks into her new role as CEO
of the ADA. As a reminder, we first spoke to Ms. Brown in May just after the ADA had announced her as the
new CEO ("ADA names Ms. Tracey Brown as new CEO; Discusses future priorities for ADA in exclusive
interview - May 1, 2018"). She brings strong credentials and experience to the ADA, including executive
leadership, excellent management skills and, as a patient herself, first-hand knowledge of living with diabetes.

Ms. Brown started her career as a chemical engineer working in R&D at Procter and Gamble. She attended
Columbia Business School before a successful career as an executive at multiple companies, most recently as
Senior Vice President of Operations at Sam's Club. As a patient herself, she developed gestational diabetes
that developed into type 2 over 14 years ago. She has long been a volunteer and fundraiser for her local ADA
chapter and since January has served on the ADA's National Board of Directors.

We were thrilled to talk with Ms. Brown about her goals for the ADA and her perspective on the diabetes
landscape today.

Kelly Close: What has your approach been in this first month in your new role?

Ms. Brown: I have been on a listening tour. God gave us two ears and one mouth for a reason. I'm listening to
everyone. I'm listening to the smart people in my organization and also outside of our organization, keenly
and intently. I'm listening to all of our partners - people like myself who are living with diabetes, the payers,
the health care professionals, the families. I know my own family's lives changed as much as my own with the
diagnosis.

Kelly: What drove you first to get involved as a volunteer and advocate, and now to take on this
leadership role in the diabetes community?

Ms. Brown: My life changed not when I got my diagnosis, but five years later. My mindset has always been,
I'm an overachiever, and I believe anything is possible - like, yeah, I got this. My daughter had seen me taking
insulin shots, had seen me prick my fingers every day, and at 5 years old, she said to me, "Mommy, are you
going to die of diabetes?" I'll never forget the day, and I'll never forget the feelings that washed over me. And
that day I made two commitments. One was, I was going to do everything in my power to manage this disease;
I was going to do everything in my power to be a role model to show that you could thrive with this disease. As
you well know, it's misunderstood, people don't really know what it's like to live with diabetes every single
day. And there is still stigma. For that reason, I am unapologetic about telling my story. So my first
commitment was to thrive. The second commitment I made was to help equip the scientists and researchers
and everyone who is aggressively trying to find solutions.

Kelly: You've had an illustrious career as an executive. What lessons from your various
experiences do you bring to this job?

Ms. Brown: It's going to take more than any one entity to solve this issue and this problem. Diabetes is so
much bigger than any one organization. So how do we move forward when we have what our societal
infrastructure is a dichotomy - some of us who have access and means, and some of us who don't? For me, it's
pretty simple (and it's easier said than done). We must be a collective, we have to align our priorities around
our goals and our mission, and that is: find a cure, and while we're doing it, helping those who are living with
this disease live better. If we can all agree and stay focused on those goals, then that is the basis of what in
business-speak I would call "customer-centric thinking" - listening, putting patients at the center, and
aligning around their priorities. And, the "say-do quotient" has to increase. What you say versus what you do.
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You get one point for saying and nine points for doing. Here's what I do know: the ADA is going to be about
doing, and we must accelerate our work across the board. It's not for a lack of trying, but we have to prioritize
- and do fewer, bigger, better, and lean in on those things.

Kelly: What do you envision as the role of the ADA? What goals do you have for the
organization?

Ms. Brown: My lens for it is, we can all do a little more to drive demonstrative change. I want to use
everything in our arsenal to help people live much better, while we're working to find a cure. One thing that I
love about the ADA is that it has amazing presence, education and communication potential, and amazing
advocacy power. We're also the expert voice in science and medicine - working diligently to ensure evidence-
based care is the standard. I want the ADA to keep the patient at the center and communicate frequently and
transparently to make people feel that they've been heard and to give them respect and support.

Kelly: What is the significance of having the first African American CEO of an organization
that tries to help a great many African Americans?

Ms. Brown: I am incredibly proud of my heritage and proud to be a role model for millions of people living
with diabetes. While I am not cheering for the fact that I have diabetes, diabetes did not change who I am as a
person. Diabetes strengthened my resolve and my commitment as a servant leader-how can I help others?
That is my goal. It is critical that the shame, guilt and secrecy of living with diabetes are banished, and that all
people living with diabetes see a living, breathing example of what it means to thrive with diabetes. Every day,
I am committed to being that person - for my daughter, my family and every single person living with or who
loves and cares for someone with diabetes.

Kelly: Please describe one achievement you've had in your career whose lessons can now be
applied to your stewardship of the ADA.

Ms. Brown: I am a successful business growth driver. There are two clear things that will apply to help us
drive the growth of the ADA so that we can pour much more into our mission of helping those living with
diabetes while we work to find a cure. The first thing is that you have to be a servant leader - where the focus
is on serving others, those inside of your organization and those outside. Leading with passion, transparency
and purpose. The second thing is to be obsessed with meeting the needs of those you serve. In this case, it is
focusing on those living with diabetes, pre-diabetes and their families and support system. We are focusing on
impacting more lives!

Kelly: Tracey, thanks so much for this phenomenal learning for us and our readers. I'm going to
hand it over to Michael Poeschla, a recent graduate of Pomona College, whom we've been so lucky to work
with this summer! He's put together an incredible list of questions and we're so grateful to you for taking even
more time with us.

Michael Poeschla (Summer Associate, Close Concerns and volunteer, The diaTribe
Foundation): Let me echo Kelly's gratitude - we are incredibly lucky to be speaking to you. We
were wondering, now that you have been at ADA for nearly three months, is there anything
that you view differently? What, if anything has changed in your overall thinking about this
incredible role?

Ms. Brown: The size and scale of diabetes (the number of people living with diabetes - nearly 50% of all adults
in the U.S.) and the economic impact of diabetes on our nation (now the most expensive disease at $327
billion in 2017, and one of every seven health care dollars is spent treating diabetes and its complications) is at
epidemic proportions. The depth and scope of diabetes are so much bigger than the ADA or any one entity. It
is time to come together and awaken the world; more people need to understand the seriousness and the
impact that diabetes has on millions of people in the world (and growing!). We need to disrupt the status quo,
we need to leverage data, technology, tools, develop new ways of working in order to drive change in our
behaviors, what we think, how we act and what we do. And we need to do it with a sense of urgency and speed.
We must bend the curve and change the trajectory that diabetes is having on people, on our society. The ADA
has many incredible collaborations with key organizations in the diabetes and health care ecosystem. I am
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looking forward to continuing to strengthen these. Most importantly, I believe our role is to disrupt the status
quo - to foster and build new relationships with partners outside of our usual sandbox. What new
opportunities are out there that can help accelerate the ADA's ability to deliver upon our vision and mission?
Who are the partners with whom we've never worked before, who have the skills, expertise and/or audience
that can help us scale our efforts to match the size and scope of diabetes? We must innovate and iterate
continuously. I believe we can drive change throughout the diabetes and health care ecosystem to have
meaningful impact. We can, and we must all come together, so we can achieve greater success! After all,
millions of people are counting on us to help them live better and find a cure!!

Michael: Thank you. In your view, what are the most important challenges facing the ADA
currently?

Ms. Brown: We have experienced some challenging years as an organization, and nationally, the health care
infrastructure has been under attack and threat, which directly impacts the people we serve, and thus, impacts
the ADA's priorities. In order for us to succeed in decreasing the incidence of diabetes, we must, as a nation,
have adequate resources and adequate access - this means health care professionals with strong diabetes
knowledge and training; and patients with knowledge and information and supports so they can manage the
daily challenges of living with diabetes. They must have the tools to properly manage their diabetes to reduce
complications, which in turn reduces health care costs, all of which improve quality of life - one's ability to
thrive with diabetes. The ADA is the national voice for people living with diabetes - at the scientific, policy and
legislative level - that can fight to protect and ensure those resources are in place.

Michael: And boy what a voice the ADA has! During your time as CEO, how big a focus will
ADA have on insulin pricing and access to diabetes medications and supplies?

Ms. Brown: How the ADA addresses this issue has not changed with my arrival; insulin access and
affordability continues to be a critical issue for the ADA. Will [Cefalu] and the team have been working
diligently on this since he arrived at ADA in early 2017, and our Mission team has been focused on raising the
dialogue with Congress - seeking their assistance to address the issue at the legislative level and working with
stakeholders throughout the supply chain to find viable solutions to address this critical, life-sustaining issue.
Since this spring, the ADA's efforts featured both the Insulin Access and Affordability Working Group White
Paper and the ADA's Public Policy Position Statement, in addition to Will's testimony before the U.S. Senate's
Special Committee on Aging. These efforts have changed the conversation from blame to identifying the root
problems and potential solutions. This shift in dialogue is the cornerstone for building long-term solutions
that can ultimately help the most people - making insulin affordable and accessible for all. It is a matter of life
and death.

The ADA will continue to be an extremely vocal and visible advocate, as it has been for several years, to ensure
affordable access for all to the medications and tools necessary to effectively manage their diabetes.

Michael: Building on Kelly's earlier question on race and culture, what special opportunities
do you have to engage the wider diabetes community as the first African American to be
appointed CEO of ADA?

Ms. Brown: My biggest opportunity comes from the fact that I have type 2 diabetes and live with this deadly
disease every single day. I think we all would agree this disease doesn't discriminate… Anyone can be affected
by it across cultures, ethnicity, socio-economics, gender, age, around the world. And I believe every individual
with diabetes is focused on the same goal - that is to thrive while living with this disease and ultimately seek to
be cured. I will engage any and all communities as we seek to prevent and cure diabetes and improve the lives
of all people affected!

Kelly: That is so inspiring. As a person with diabetes, what was your impression of the ADA
and its work prior to joining the Board of Directors and becoming a volunteer?

Ms. Brown: Prior to joining the ADA's Board of Directors and becoming a volunteer, I didn't really have an
impression of the ADA. It was neither positive or negative; it was neutral. I did know that the ADA is
recognized as the authority on diabetes, kind of like the Good Housekeeping Seal of Approval. However, after
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volunteering and joining the Board, I was blown away at just how robust and how much the ADA does across
research, advocacy, and awareness. Connections to the local communities and partners are deep. And the
people and volunteers who work for the ADA are absolutely unbelievable. One of my goals is to make sure
everyone knows the tremendous value of the ADA. In collaboration with partners, patients and the
community, we absolutely can improve lives for all that live with this disease and ultimately get to a cure or
cures!

Exhibit Hall

Diabetes Therapy

Amgen

Amgen hosted a commanding booth at the front of the exhibit hall, dedicated almost entirely to PCSK9
inhibitor Repatha (evolocumab) and its new CV indication for the prevention of heart attack, stroke, and
coronary revascularization in patients with established CV disease. Prominent standing displays showed the
Kaplan-Meier curves from the FOURIER CVOT, and messaging underscored Repatha's ability to "help your
patients escape high LDL," overlaid with imagery of a person escaping a crumbling building to represent MI
and stroke. Also underscoring the importance of cardioprotection, large infographics lining the wall of the
booth delineated the troubling statistics that one in three people with a previous MI will have another CV
event (one in four for peripheral artery disease). The booth was staffed by representatives showcasing sample
SureClick pens. Furthermore, an entire wall of the booth was dedicated to discussing access for Repatha. We
particularly appreciated the helpful list of documentation requirements for providers to help improve the
chances of reimbursement for a Repatha prescription (including diagnosis details, a recent lipid panel, and a
history of other lipid-lowering therapy). The company's commitment to improving access for this currently
very pricey drug is commendable, and to this end we learned that 29% of US payers in 2017 streamlined their
PCSK9 inhibitor requirements as a result of these negotiations. Reps emphasized that six in 10 patients could
pay <$10 for Repatha thanks to patient assistance programs, and the product currently has 45% commercial
coverage and 8% Medicare coverage.

AstraZeneca

AZ brought a sprawling, spacious booth to ADA, dedicated primarily to Bydureon BCise (the new exenatide
autoinjector) and to SGLT-2 inhibitor Farxiga (dapagliflozin). Sample BCise autoinjectors were available
throughout the booth; a pair of virtual-reality headsets took attendees "inside" BCise, demonstrating how the
pen works - this was very cool. Reps shared that the single-use Bydureon reconstitution kits will be "phased
out" in September (presumably, that's when AZ will cease production - the end of an era), though they also
noted that some patients/providers still actually really like them - they're comfortable with the kits, they say.
We do believe that in the long run, AZ will benefit from joining the movement toward patient-friendly
autoinjectors for GLP-1 agonists.

Additionally, AZ continues to advertise the idea of starting diabetes treatment off strong with Farxiga,
suggesting the use of the SGLT-2 as first-line therapy. At the front of the booth, a few AZ reps spent hours
each day setting up an intricate series of dominoes beneath a sign that read "Join the Momentum." This
display was set up to represent the endless series of healthy choices that patients have to make each and every
day. By all accounts, it makes sense for AZ to be putting the bulk of its commercial resources behind Farxiga,
as the product drove 100% of growth in the company's diabetes portfolio in 1Q18. With the DECLARE CVOT
reading out late this year, we only expect things to get better for the dapagliflozin franchise, pending positive
results (which, to our understanding, are expected). There is certainly lots of hallway chatter at this ADA
about the upcoming DECLARE data, the long-term effects of GLP-1 on heard disease.

We spoke to AZ management about Qtern, the fixed-dose combination of Farxiga with DPP-4 inhibitor
Onglyza (saxagliptin) - we've heard patients who can get this drug love it and we'd love to see more patients
receive it. According to Dr. Wooten, Qtern is reimbursed about as well as Farxiga: That is, most formularies
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that cover Farxiga also cover Qtern, with a few exceptions since the standalone SGLT-2 has a longer history on
the market. In addition, AZ offers a copay card that covers up to $150/month of a patient copay for Farxiga,
Xigduo (dapagliflozin/metformin), or Qtern. Because Qtern is generally more expensive than Farxiga ($720/
month vs. $510/month at our local CVS in San Francisco), we can imagine some patients face very steep out
of pocket costs for the combo even with the copay card -this is our speculation, and we'd love more color on
these pricing dynamics. We were also reminded by Dr. Wooten that providers in the US continue to favor
single agents, in part because they can be titrated separately - an inherent limitation of fixed-dose
combinations and one that we'd love to see docs "get over". It was noteworthy that AZ management revealed
this growing focus on Qtern, and we are looking forward to data comparing Qtern vs. Lantus (insulin glargine)
and vs. sulfonylureas (both orals on Monday morning).

Bayer

Bayer's booth featured educational messaging around the connection between diabetes-related kidney disease
and CV risk. A prominent touchscreen at the front of the booth featured an interactive quiz on the prevalence
of DKD (110 million people worldwide), and the booth's walls were emblazoned with slogans such as "the
health of the heart is tied to the kidney." Indeed, the statistics are alarming: Bayer's booth noted that kidney
disease triples the risk of CV disease for people with type 2 diabetes, and we've previously heard that
comorbid diabetes/kidney disease is associated with a 50-fold increase in the risk for both congestive heart
failure and atherosclerotic vascular disease from baseline. We see this as a preamble for the hopeful approval
and launch of Bayer's phase 3 mineralocorticoid receptor antagonist finerenone. Two large phase 3 trials are
expected to complete in February 2020 and October 2019, respectively: FIGARO-DKD (n=6,400) and
FIDELIO-DKD (n=4,800). With no new indications for DKD approved in the past 18 years (the most recent
being irbesartan and losartan in 2000), the notion of a new therapy in this area of unmet need is beyond
exciting. See our nephropathy competitive landscape for an overview of other candidates in development.

Gubra

Gubra hosted a small booth on the periphery of the exhibit hall, with materials promoting its CRO services for
preclinical work in diabetes-related CV and renal disease. Notably, Gubra is involved in a number of
collaborations that weren't promoted in its ADA booth (likely due to their early-stage nature). In November
2017, Gubra launched a strategic partnership with BI to develop next-gen obesity treatments, with a specific
focus on identifying novel peptide compounds that regulate food intake. As of last month, Gubra is also
involved in a partnership with JDRF to develop a new glucose-responsive insulin (GRI).

J&J (Janssen)

J&J occupied a spacious booth with four identical displays at each corner. Video monitors showed prescribing
information for SGLT-2 inhibitor Invokana (canagliflozin) and for fixed-dose combinations Invokamet
(canagliflozin/metformin) and Invokamet XR (once-daily instead of twice-daily pills). Messaging was focused
on Invokana's first-to-market status in the US, and to this end, reps highlighted that we have ~6.5 years of
real-world safety data on the drug (FDA approved in 1Q13). It was interesting that reps mentioned safety
ahead of efficacy, and we imagine this was a slight nod to the black box warning for lower limb amputations,
to HCP concerns about this risk. A poster presented at ADA, covering the OBSERVE-4D study, showed no
imbalance in amputations between Invokana and other SGLT-2s, or between Invokana and other non-SGLT-2
diabetes drugs in a large real-world database (see our write-up above). Also notable, J&J's booth remains
pretty constant from conference to conference as far as we can tell, but we're eagerly awaiting an FDA decision
on Invokana's CV indication - this is expected in 4Q18, and we'll be curious to see if/how the booth changes
afterward. Following the CV label updates for Jardiance and Victoza, Lilly/BI and Novo Nordisk revamped
their respective booths to put cardioprotection center stage. Note that LifeScan isn't now part of the booth but
does have a small presence here - it feels odd to have that now up to the private equity people to figure out
(they themselves never seem to come to the meetings).
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Lilly/BI

One entire wall of Lilly/BI's booth was dedicated to fixed-dose combinations Glyxambi (SGLT-2
empagliflozin/DPP-4 inhibitor linagliptin) and Synjardy (SGLT-2 empagliflozin/metformin), which stood out
to us because the companies have not historically highlighted Glyxambi in their exhibits or appeared to
prioritize it commercially. The eye-catching display advised "put Jardiance at the core of their treatment with
Glyxambi and Synjardy." Reps emphasized that all three of these empagliflozin products have a patient
savings card available. According to the sample cards we picked up, commercially-insured patients can get up
to $250 in copays covered per month on Jardiance and Synjardy, and can get up to $400 covered per month
on Glyxambi. We were pleased to see this, since the list price of Glyxambi is substantially higher than that of
Jardiance ($660/month vs. $510/month at our local San Francisco CVS) though we imagine that many
patients face a copay higher than $250 or $400 per month based on their insurance, and these individuals
would still have to pay out of pocket to get these drugs. For comparison, we learned at Merck's booth that the
company is offering a $460/month copay card for both Steglatro (ertugliflozin) and Steglujan (ertugliflozin/
sitagliptin), which more than covers the standalone SGLT-2 prescription (~$319/month) and falls short of the
Steglujan prescription (~$520/month) - this is great for patients and we're not too surprised given diaTribe's
analysis on who has policies most favorable to patients - Merck and J&J won that contest earlier this year (see
"How to Get Diabetes Drugs for Free"). Overall, reimbursement is much stronger for Lilly/BI's SGLT-2
franchise compared to Merck/Pfizer's SGLT-2 franchise, which is newly-launched - and reimbursement
influences strongly, of course, what price the patient sees at the pharmacy counter. It's noteworthy to see all
these manufacturers thinking carefully about patient access, and we'd actually love for the companies to work
collaboratively in expanding education on fixed-dose combination therapy, as this is still tragically
underutilized in our view though we're not sure this would be allowed.

Notably, Lilly did not host its own booth at ADA (a major departure), which means there was nothing in the
exhibit hall on GLP-1 agonist Trulicity (dulaglutide) or Humalog (rapid-acting insulin lispro). The company
hosted a very small booth at both ENDO and AACE earlier this year, a significant downsize from the spacious
booths we're accustomed to seeing from Lilly - clearly a change in strategy.

MannKind

MannKind's booth was almost an exact replica of the exhibit put up at AACE 2018, with one exciting addition
- interviews with Drs. Anne Peters and Satish Garg played on loop. Dr. Peters described how mealtime insulin
is one of the most challenging aspects of diabetes care for patients and providers alike. She endorsed Afrezza
for the flexibility it offers, and also encouraged CGM use when possible so that patients can receive and
respond to feedback, tailoring their post-meal boluses to minimize glucose excursions and hypoglycemia risk.
MannKind has framed CGM as a tool that goes hand-in-hand with Afrezza, and indeed, the ultra-rapid-acting
nature of the inhaled insulin allows for faster, more narrow adjustments to mealtime insulin dose. In addition
to the several mentions of CGM scattered throughout this booth, MannKind is presenting the STAT study at
this ADA, which used Dexcom CGM to evaluate postprandial glycemia and time-in-range with Afrezza vs.
Novo Nordisk's NovoLog (insulin aspart) in type 1s. We'll be back with more on those results. The emphasis
on CGM seems like a smart strategy to us in many ways, especially because of what Dr. Peters referred to as
"learning how to use your mealtime insulin." We certainly see potential for CGM to help optimize outcomes in
patients using Afrezza. We do wonder, however, if this approach might stimulate more penetration in the type
1 market but not type 2, and if it could deter any patients not on CGM who might otherwise have preferred
Afrezza.

Merck

Merck's ADA booth was much larger than we've seen from the company before. Half was dedicated to DPP-4
inhibitor Januvia (sitagliptin), and half showcased new marketing on Pfizer-partnered SGLT-2 inhibitor
Steglatro (ertugliflozin). Bold yellow and purple banners read "Powerful A1c-Lowering with Steglatro." A rep
highlighted that Steglatro's list price is ~42% lower than that of other standalone SGLT-2 inhibitors (J&J's
Invokana, Lilly/BI's Jardiance, and AZ's Farxiga) - we love that they are clearly trying to be the SGLT-2
easiest to access. Last we checked, the list price for Steglatro at our local San Francisco CVS was $319/month
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or $10.63/day, compared to ~$17/day on average for Invokana, Jardiance, and Farxiga. List price only means
so much without taking reimbursement and patient discounts into consideration (and the same rep
mentioned that payer coverage for all ertugliflozin products is next-to-nothing right now, as is typical for new
drugs), but we're nonetheless impressed by Merck/Pfizer's pricing strategy here.

Although fixed-dose combination Steglujan (ertugliflozin/sitagliptin) wasn't featured in the booth, which was
very surprising, Merck reps emphasized that this SGLT-2/DPP-4 combo is what really makes the franchise
unique. We've been surprised by the limited promotion of Steglujan since the ertugliflozin family of products
launched in early 2018, but increasingly, it seems like Merck is smartly waiting to ramp up until
reimbursement for the fixed-dose combination improves, which makes a lot of sense. We learned at AACE
2018 that the wholesale price for Steglatro is $270/month, while that for Steglujan is $520/month. Merck has
issued a copay card valid on all ertugliflozin products, but it only covers up to $460 per month. That means a
commercially-insured patient can pick up Steglatro at a pharmacy and pay $0 out of pocket, depending on her
health plan; Steglujan would cost the same patient ≥$60/month, after a pharmacy markup on the wholesale
price. A rep we spoke to at ADA confirmed these numbers, and suggested that Merck will build up
commercialization efforts around Steglujan as payer coverage grows. To be sure, real-world uptake of
SGLT-2/DPP-4 fixed-dose combos has been disappointingly low so far (the class also includes Lilly/BI's
Glyxambi and AZ's Qtern) - we're going to hope that the field doubles down on education. One thing we've
noticed in talking to more doctors this year - although everyone acknowledges that patients could do much
better, patients themselves are overwhelmed. We're hopeful that commitment from Merck will get Steglujan
into more patient hands in 2019 and beyond.

NASH Education Program

We relished seeing a NASH presence in this year's ADA exhibit hall, headlined by a small but mighty booth
from the NASH Education Program. Launched in the US in March 2018, the NASH Education Program is an
initiative that seeks to raise awareness of the growing NASH epidemic and to improve medical education
surrounding this area of unmet need. The organization provides resources in English and Spanish to educate
people about the causes and consequences of NAFLD/NASH, and we had the opportunity to see some of these
materials ourselves from representatives at the booth. Also on display was a fantastic educational video on the
NASH epidemic, framing it as a "silent threat" and "impending storm" - check it out here. Another major
focus of the NASH Education Program is promoting an "International NASH Day" to further raise awareness
for this disease; the next one is scheduled for June 12, 2019.

Novo Nordisk

Ozempic (semaglutide) was the main focus of Novo Nordisk's sprawling booth, and interestingly, SUSTAIN 7
was the first thing reps talked about. This head-to-head study of two once-weekly GLP-1 agonists - Ozempic
vs. Lilly's Trulicity (dulaglutide) - has been published in the Lancet Diabetes & Endocrinology. The results
aren't yet reflected on the Ozempic product label. However, we learned at ENDO 2018 that sales reps have
received special permission from FDA to discuss the findings with healthcare providers anyway - that's quite
something! As a reminder, SUSTAIN 7 found a ~0.4% A1c treatment difference favoring semaglutide over
dulaglutide (p<0.0001), and weight loss was greater with semaglutide vs. dulaglutide (p<0.0001). Dr. Richard
Pratley outlined SUSTAIN 7 results by baseline A1c subgroup in an oral presentation on Saturday. From our
view, we think the power is in describing the class more than comparing two agents - even though it's a multi-
billion enterprise, the class is still woefully underused in our view. It was great to see focus on Victoza, of
course - the GLP-1 is now the company's largest commercial product. There was great professionalism at the
booth as usual - very confidence-inspiring.

Sanofi/Lexicon

Sanofi/Lexicon's joint booth made its second-ever appearance in the ADA exhibit hall, after its debut at AACE
2018 last month. Following the March submission of Zynquista (SGLT-1/2 dual inhibitor sotagliflozin) for
type 1 diabetes to FDA and EMA, Sanofi/Lexicon have taken initiative to begin familiarizing the diabetes
community with the concept of adjunct therapy for type 1 diabetes, without directly promoting Zynquista.
Regulatory decisions on the candidate are expected in 1Q19.
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In our opinion, this booth was very well-done and well-staffed, featuring eye-catching quotes about going
"beyond insulin" and emphasizing "glycemic control beyond A1c." The booth was crowded with attendees
every time we looked. An interactive 10-question quiz reinforced the unmet need in type 1 diabetes (75% don't
meet an A1c goal of <7%, even patients at that target might spend up to nine hours per day out of range, etc.).
These quiz questions reaffirmed our sense that time-in-range benefit will be a key promotional piece for
Sanofi/Lexicon. Patient perspectives also remain a big focus in the booth, and a live illustrator added attendee
thoughts on diabetes management to a wall of quotes from patients with type 1 diabetes on the physical,
emotional, and mental difficulty of managing this chronic disease. We're very enthusiastic about the prospect
of SGLT inhibitors being approved for type 1 diabetes, and believe that the regulatory path will be smoother if
unmet need is emphasized - while DKA risk associated with these agents exists whether they are regulated or
unregulated, education will be far higher if they are regulated. There is clear consensus that patients and
providers alike absolutely love the time-in-range, A1c, and weight loss benefit associated with these drugs, and
we're excited to see that the field is already working proactively on how to best manage the DKA risk. To that
end, we're glad to see substantial interest from both Lexicon and Sanofi, and we're excited to see additional
promotion of the beyond A1c movement generally. All this said, the field has to figure out how to move
forward, on questions like frequency and type of ketone testing, etc.

Sanofi/Regeneron

Sanofi/Regeneron hosted the largest booth at ADA, as you can see on this exhibit hall floor plan. The space
was divided more or less evenly between basal insulin Toujeo (a major improvement for many patients),
fixed-ratio GLP-1/basal insulin combination Soliqua, and PCSK9 inhibitor Praluent, with Lantus, Apidra, and
Admelog clustered into the fourth corner. We were very excited to see so much focus on Soliqua and hope
fervently that more patients will be able to benefit from this combo drug whose data over time has been so
motivating. Since we had thought that Sanofi would be launching Toujeo Max SoloStar at ADA, we were
slightly disappointed in the attention given to this new highest-capacity basal insulin pen (it holds 900 units -
such a positive for patients that take so much more insulin daily). Information on Max SoloStar was housed in
one of multiple tabs on the Toujeo touch-screen panels, and there were no display pens to be seen. That said,
a representative shared that the "real push" for Max SoloStar will be in a few weeks; the product is already in
pharmacies and the salesforce has been giving copay cards to endocrinologists. On Soliqua, the same rep
offered that uptake has been slow but that he is seeing some increased interest from providers - we think
massively more education could be done on this front and also believe that the "class" needs a name, other
than "basal insulin GLP-1 combo". The hard work is done - creating the compound - now the real work is upon
the field to make sure patients and doctors understand that this is available. We remember so much
excitement on seeing the original data and hope more work can be done to prove the point about how much
easier this is to prescribe and take (along with Novo Nordisk's Xultophy, which uses even more potent base
products, Tresiba and Victoza, and which is considerably more expensive).

On the CV side, reps continued to express excitement about the recent positive readout of ODYSSEY
Outcomes, the CVOT for Praluent, and they were perhaps even more enthusiastic about Sanofi/Regeneron's
efforts to expand PCSK9 access. The companies have agreed to lower list price in exchange for simplified
utilization management criteria and prior authorization processes from PBMs/payers, and they've already
entered a deal with Express Scripts to this end. Onward! We'd so love to see many more patients get access.

TrialNet

TrialNet brought a small but well-staffed booth to ADA. Program representatives expressed enthusiasm about
the potential for combination therapy in modifying type 1 diabetes, echoing a call we've heard from thought
leaders including Dr. Jay Skyler. TrialNet has planned a combination study of abatacept + retixumab, and
we're very much looking forward to more details, particularly the population to be enrolled. Additionally,
TrialNet's booth highlighted results from the program's most recent study in new-onset type 1; presented on
Monday, the study suggested that low-dose antithymocyte globulin (ATG) could delay the progression of type
1. Booth materials also advertised TrialNet's ongoing screening efforts, formally the Pathway to Prevention
Study, as well as a currently-enrolling study of abatacept for prevention. The phase 2 abatacept prevention
study (n=206) is enrolling participants with ≥two autoantibodies and normal glucose tolerance (stage 1).
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Importantly, TrialNet notes that these participants will all almost certainly develop type 1 diabetes in their
lifetime, and they except to complete enrollment within the year and have results available by ~2020. TrialNet
has another phase 2 prevention study utilizing teplizumab (n=71) and enrolling patients in stage 2 (≥two
autoantibodies and abnormal glucose tolerance), with expected completion in January 2019. On prevention,
reps expressed optimism that the field is close to figuring out the right dose of oral insulin to have an impact
on progression to disease, though our sense is that most thought leaders don't consider oral insulin a success
thus far and TrialNet's own oral insulin study was unsuccessful overall. That said, while they weren't able to
comment on GPPAD's extensive new program, which utilizes a higher dose of oral insulin in younger children,
it is encouraging that TrialNet still sees oral insulin for prevention as a viable scientific proposition.

Xeris

Xeris' exhibit was a small, single-man booth promoting the company's broad efforts in glucagon development,
including its phase 3 liquid-stable glucagon autoinjector. Given the company's ongoing IPO, we were glad to
get a chance to speak with a Xeris representative, who explained that taking the company public was never a
specific goal of management. Rather, it was seen internally as a better way to continue funding pipeline
development than traveling around to fight for venture capital dollars. We were a bit surprised to hear this,
but this could explain why the IPO came so seemingly early, before the company has even commercialized a
product. Regardless, we're excited for Xeris' glucagon autoinjector and other products in the glucagon
competitive landscape to reach the market, as we strongly feel that these products - which are markedly easier
to use than current reconstitution kits - will improve both perceived and actual patient safety. Xeris hopes to
file an NDA for the G-Pen (official name to follow) in 3Q18.

Diabetes Technology

Abbott

Abbott boasted a very large booth advertising the FreeStyle Libre as "the #1 CGM worldwide." We noticed
there was an entire section devoted to the FreeStyle Libre Pro - we still can't get over the incredible data
presented from day #1, showing a single diet/pharmacotherapy intervention during one 14-day Libre Pro
session massively improves time-in-range(s) in an Indian type 2 population. Booth representatives were
understandably unable to comment on timing for a US pediatric indication, which we know is at or near the
top of many US providers' and patients' wish lists. Last we heard during Abbott's 1Q18 call in April, the
company plans to file a FreeStyle Libre pediatric claim with the FDA in 2018 - great to see, as the device is
indicated down to four years old in Europe. Sub-analyses of SELFY and IMPACT data in adolescents and
young-adults respectively were presented last night at an Abbott-sponsored symposium and revealed
additional evidence of FreeStyle Libre efficacy in these populations. Abbott currently has three US pediatric
FreeStyle Libre trials in the works: (i) an accuracy study (n=85 6-17-year-olds) slated for an August
completion; (ii) a post-approval safety study (n=400 4-17-year-olds) slated for February 2021 completion;
and (iii) an accuracy study (n=100 4-17-year-olds) slated for a July completion. All three studies are currently
recruiting. The other big priority for Abbott must be getting the FreeStyle LibreLink apps approved in the US,
as it's the only US CGM without a smartphone option stateside.

Ascensia

Ascensia's booth highlighted the Contour Next BGM as "the only meter to connect via Bluetooth with the
Omnipod," an important move since Roche will be taking over the Medtronic BGM partnership once the 670G
adds Bluetooth. Indeed, at Ascensia's product theater today, the main topic was the need for a highly accurate
BGM to drive outcomes in CGM and hybrid closed loop. The booth also advertised the newly updated Contour
Diabetes app, which identifies 14 glycemic trends and provides users with contextual prompts. Booth
representatives noted that initial feedback has been "very good," resulting in a positive bump in app ratings -
currently a still-rough 2.4/5 stars in the App Store (151 ratings) and 2.7/5 stars on Google Play (277 ratings).
Representatives shared that future iterations will look at more patterns as the algorithm advances. Ascensia is
also looking to incorporate other digital offerings into the app, such as the recent Ascensia Diabetes Challenge
winner Whisk (AI-driven nutrition platform) to enhance the kinds of recommendations the algorithm might
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provide. To this end, a booth representative gave the theoretical example of the algorithm noticing a user's
glycemic pattern associated with a particular meal and directing the user to a healthier recipe through Whisk -
nice! Currently, Ascensia is collaborating with Whisk in a pilot program. See our Day #1 coverage of Whisk
here.

BD

BD's booth featured its free "Diabetes Personal Assistant" app, Briight, which initiated a preview release on
Monday. Read our just-published report on our demo of the app. Version 1.4 of Briight is a mix of a chat-
based digital assistant, diabetes data collection, education/support, recipes, and food logging, although the
emphasis for now is on educating patients on proper injection technique - a banner at the BD booth read:
"Structured injection technique training may transform diabetes care." While it's still very early days for
Briight, we're delighted to see BD Diabetes moving into digital health app-driven education, and there was
certainly substantial buzz surrounding Briight in the exhibit hall. BD's Digital Diabetes Product Leader Ed
Liebowitz noted "great reception" from ADA attendees. BD also had a second, unbranded booth, T2D, in the
exhibit hall to raise awareness of the burden experienced by type 2 MDI patients. As with past conferences,
the booth asked providers to select features that they believe to be important for the insulin delivery device of
the future. When we stopped by, 22% of respondents had selected wireless controller for discreet basal/bolus
dosing, 17% had selected flexible and adjustable basal/bolus dosing, and 14% had selected real-time dose
capture reports. At the bottom of the list were a patient lifestyle app (8%) and a large insulin reservoir for
longer wear (3%).

Companion Medical

At a bustling backlit booth, Companion Medical showed off its new reports - "Insights by InPen" - which we
believe to be the first page in the US to show providers data from a smart pen in conjunction with an AGP-like
glucose profile (the reports were announced earlier the same week as ADA). The design of the report is very
intuitive, with glucose insulin, and carbs front and center, time-in-ranges and insulin doses (broken up into
basal/bolus if the patient utilizes the app's basal reminders) flanking the title at the top, bolus calculator usage
behavior at the bottom left, and missed doses at the bottom right - we love this take on the uncharted
territory! The report is really slick looking! The second page has daily traces, which could be game-changing
for providers trying to help people on MDI, if Common Sensing/Joslin data from last year's ADA is any
indication. Notably, these reports can be emailed/faxed to providers with very little hassle in the app.

▪ The limited launch - through mail-order pharmacies - has not yet expanded to retail
pharmacies. Android app clearance is expected in Q3, so we wouldn't be surprised if the company
waited until that came through to launch in ~70,000+ retail pharmacies.

▪ Companion has closed a Series C, and though it won't comment on the size or
investors yet, an SEC Form D filed on May 3 suggests that the total offering amountrd

was ~$18.5 million. At the time, the company had already sold ~$14.1 million.

▪ CE marking is expected "in the near future," though the company intends to "support
the US" before launching in the EU.
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Dexcom

Dexcom's tall, modern booth was appropriately sleek for marketing the newly launched G6, no-calibration
10-day sensor, slimmer transmitter, one-button applicator, and iOS/Android apps. The tall booth was dotted
with smartphones showing the apps, alongside a line of desktop screens highlighting Clarity on the web. The
reps said things are "very busy" and "demand is very strong" following the G6 clearance in March and launch
prior to ADA. We've anecdotally heard some patients are lined up to get on G6 later in the summer -
presumably many have to wait for G5 transmitters to expire before getting the new slimmer transmitter and
required receiver purchase. (We also assume Dexcom has a fair amount of production scaling to do, given the
dramatic manufacturing change.) On the international side of the booth, reps mentioned the CE Mark and
launch in the UK this month ("about to ship"), with other European countries in 4Q18. We'd expect the
biggest Dexcom presence ever at EASD! A rep told us many attendees were entering the booth having heard of
G6 and wondering when it would be available -unlike prior ADAs, where Dexcom had to do more education.
We see this as a big win, as it reflects rising awareness of the category and new products, something providers
can address, if not always easily. Around the booth were flyers advertising the 9.0% MARD (based on the auto
applicator study; see our day #2 report), a growing list of studies supporting the benefits of Dexcom CGM
(DiaMonD, GOLD, HypoDE, COMISAIR). We asked about a profession version of G6 - as Ms. David Kruger
implied at ADA - and the rep certainly did not deny it could be on the way!

DiabetOmics

DiabetOmics, a medical diagnostics company based in Oregon, showcased its saliva-based glycosylation test,
as well as $20, point-of-care fingerstick tests for C-peptide plus three major autoantibodies associated with
diabetes. The booth representative explained that glycosylation levels are unsurprisingly increased in those
with prediabetes and diabetes. The test is intended to be somewhat similar to an A1c assessment but can be
performed much more frequently. To this end, the representative foresees the saliva test being particularly
useful in evaluating outcomes when transitioning to a new therapy or during pregnancy to monitor for
hyperglycemia (and at half the price of an A1c test) - though we'd still strongly push for the use of intermittent
CGM in these cases, when financially feasible. The autoantibody and C-peptide fingerstick tests provide a
faster alternative to traditional laboratory analyses and can be performed during office visits. The
representative estimated that each takes roughly 10 minutes. DiabetOmics is undergoing CE mark approval
processes for both tests with plans to submit a 510(k) with the FDA by the end of 2018. The company is
currently in discussions with EU payers.

EOFlow

The EOFlow booth featured its EOPatch patch pump, which a representative described as "the smallest device
on the planet." At ~15mm thick and just 23-grams (according to a booth poster), it has roughly the same
thickness and weight as the Omnipod. The booth representative was very excited about recent JDRF funding
to develop an AID system with EOPatch. Currently, EOFlow plans to use POCtech's sensor, but the
representative told us to "stay tuned" for updates. Eventually, the company hopes to have several sensor
options, establishing EOPatch as an "open platform" for AID. The first milestone in the JDRF funding
arrangement will be integrating the TypeZero AID algorithm into EOPatch within two years. Within four
years, EOFlow expects to control the pump solely through a smartphone mobile app; however, an earlier
iteration will control the pump through a locked-down Android phone. The company anticipates filing a
510(k) with the FDA for the earlier Android-controlled version "later this year." A US launch is expected in
late 2019 to early 2020 after an initial launch in Korea and Latin America. EOPatch as a standalone pump will
be released in Korea "in the next few months." EOFlow's long-term goals ambitiously include integrating a
sensor into the pump for seven-day wear. As the representative noted, this will require very highly
concentration insulin, as the reservoir holds just 200 units. Still, the EOFlow representative remained
confident, exclaiming: "That's why JDRF chose us." He laid out a very ambitious timeline - which we love to
see - though it will be a feat to hit all of the deadlines, to be sure!
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Fitscript

FitScripts' GlucoseZone offers customized exercise guidance based on the client's real-time glucose levels, and
can reach patients through live classes and on-demand videos. At a small booth, reps touted a newly-
established partnership with ADA, wherein the Association will offer GlucoseZone at a 30% discount for
members with diabetes. The press release is vague, though it sounds like the partnership will expand further.
Reps expect this initial partnership to roll out in July. Since the GlucoseZone app officially launched in
January, it has been downloaded for iOS and Android ~2,000 times, at an out-of-pocket cost of $12.99/
month (following a seven-day free trial). The company currently has ~eight exercise trainers and a "handful"
of digital coaches (mostly exercise physiologists) on staff. Since launch, FitScript has enhanced the 'Zone by
adding a "Suggested for You" feature, targeting exercises to people based on type of diabetes, capabilities (e.g.,
chair-based workout), what the user has "liked" in the past (type of exercise, trainer, workout length). Users
have the option of using flexible savings accounts (FSA) or health savings accounts (HSA) to pay for
GlucoseZone - a select few insurance companies also cover GlucoseZone. We hope to see this program and
others like it scale, as exercise is a huge unmet need in type 1 and type 2 diabetes, not to mention in
prediabetes and the general population.

▪ FitScript showed compelling data from a small, three-month pilot (n=12 type 2s) in a
poster at AADE 2017. Across the entire population, A1c fell ~2% (baseline 9.6%) and mean
weight loss was 8 lbs (baseline not disclosed). The poster broke out three very impressive case
studies demonstrating drastic improvements in health and healthcare costs. In the one year
following the start of the intervention, one patient saw mean glucose drop from 281 to 137 mg/dl
(-144 mg/dl) and saved the system nearly $40,000 (and his weight loss was only 7 lbs)!

▪ We saw FitScript CEO Mr. Charlie O'Connell at the 2017 Novo Nordisk-Lyfebulb
Innovation Summit. He pitched GlucoseZone in front of a panel of judges, alongside 10 other
finalists.

Glooko

We passed through Glooko's booth as the DreaMed team demoed its recently-FDA-cleared Advisor Pro, which
is integrated into Glooko's Population Tracker. Many attendees crowded around, including many familiar
KOL faces. Glooko reps said they did not yet have firm launch plans for the software. As for the other major
decision support launch on the horizon, Glooko's MIDS (Mobile Insulin Dosing Support) is expected to enter
pilots at a small number of clinics next month, with more commercialization by the end of the year,
confirming what we heard at the AACE booth. All Glooko sites have now reportedly converted to the new
touchscreen, NFC-enabled, much more user-friendly transmitter. The booth highlighted population
management, emphasizing Glooko's ability to help stratify, correlate, learn, understand, streamline, and
collaborate. What's NFC-enabled, by the way? Tech Radar explains it really well: it's a method of wireless data
transfer that "detects and then enables technology in close proximity to communicate without the need for an
internet connection".

Good Measures

Good Measures is forging ahead with a subscription diabetes management bundle, complete with free meters
and strips, 24/7 coaching, and Common Sensing's GoCap to capture insulin dose data, for ~$600/year. We
don't know much more about the program, but will be keeping a close eye on it. The website touts a limited
time offer for a full year of coaching for $425.

▪ In other exciting news, Good Measures' digital DPP has obtained full CDC recognition,
just the sixth online DPP to do so (see the list here). Notably, full recognition is a
prerequisite for CMS reimbursement. Good Measures' DPP provides weekly digital lessons, virtual
support groups, and a wireless scale, which syncs with the Good Measures app and website, for 12
months. The software tracks food intake, physical activity, and weight, and gives participants meal
recommendations based on their preferences, nutrition needs, and progress. Each user is also
connected with a coach (an RD, CDE, or RN), who provides customized meal and snack suggestions
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and is available 24/7 via text, email, video, or phone. Good Measures Index (GMI), a single number
on a scale of 0-100, summarizes how well individuals are meeting their nutrient needs (weighted for
importance, given present medical conditions). A high GMI denotes recent success in meeting near-
term nutrition needs, as logged in the Good Measures app or website. The company has enrolled
"thousands" of people so far, demonstrating an average weight loss of 6.8% at 12 months.

IDx

IDx displayed IDx-DR, its recently FDA-cleared software that uses artificial intelligence to detect diabetes-
related retinopathy. Importantly, IDx-DR can be operated by trained laypeople and is intended for use in the
primary care clinic - a huge win given the limited number of ophthalmologists. The software analyzes retinal
images captured by the Topcon NW400 non-mydriatic retinal camera and generates one of two results within
30 seconds: (i) "more than mild diabetic retinopathy detected: refer to an eye care professional"; or (ii)
"negative for more than mild diabetic retinopathy: rescreen in 12 months." The IDx representative noted that
the software is "kicking off in its first clinics now." He added that there have been "some surprises" as to the
locations of interested clinics serving "large, underserved populations." Apparently, both urban and rural
clinics alike are experiencing difficulties in meeting patient demand - not a huge surprise, given the
unbalanced ratio of ophthalmologists to eyes. IDx-DR is currently CE marked as a class IIa medical device
and is being distributed throughout the EU in partnership with IBM Watson. As a reminder, IBM and Verily
also have retinopathy detection algorithms in development.

Insulet

ADA 2018 brings Insulet's biggest product launch in five years: Omnipod Dash, the Bluetooth-enabled pod,
touchscreen PDM (locked-down Android phone), secondary display iOS apps, and paired Ascensia Contour
Next One BGM. Following the FDA clearance three weeks ago, Insulet put together an expansive booth
showcasing the new PDM and other goings-on at the company. I gigantic screen offered a self-guided tour of
the PDM around the booth - we really like the final interface Insulet came up after hundreds of interviews and
thousands of hours of market research. The company has done a great job pulling out complexity, leaving the
essentials on the home screen (insulin-on-board, last bolus, last BG, large bolus button), moving the rest to
other menus and screens. It's definitely a less-is-more design, not unlike what Dexcom did with the G5 and
G6 apps. The six-month limited market release is getting underway soon (limited number of
endocrinologists), followed by a full market release in early 2019. For the provider audience, Insulet-provided
Glooko was a focus of demos too - it will be exciting at full launch when the Dash PDM automatically uploads
pump data to Glooko whenever it is connected to Wi-Fi (eliminating the high=hassle cable downloading
process, as Adam mentioned in his very well-received talk on apps during ADA). Reps also noted the
upcoming European transition on July 1 to take over direct Omnipod sales from Ypsomed. The company is
focused on continuity of care and a smooth transition, so there is no Dash timing to report. Globally, Insulet
has surpassed 140,000 users.

▪ At Insulet's VIP Dash launch event, we enjoyed the screen below on the PDM iteration
process. COO and President Ms. Shacey Petrovic noted the complex design of the original Phoenix
PDM - our ADA 2015 write-up was kind of generous in retrospect, as it was a truly tragic design
compared to where Dash ended up. We liked her point that the Phoenix PDM moved further from
users' true desire: phone control. Dash, on the other hand, is basically an app on an Android phone -
a clear precursor to where Insulet is going with smartphone control at some point in the future.
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LifeScan

The dedicated LifeScan booth solely featured the OneTouch Verio BGM and OneTouch Reveal app, as it did at
ATTD. Representatives could not comment on J&J's recent acceptance of Platinum Equity's binding offer to
acquire LifeScan for ~$2.1 billion besides reassuring that everything will be "business as usual." We're
cautiously optimistic that LifeScan may recover, given the right investment: the OneTouch Reveal app is very
high-rated on the App Store (4.7/5 stars; 15,600 ratings) and Google Play (3.9/5 stars; 5,973 ratings), and the
OneTouch Verio Flex integration with WellDoc's Bluestar could bring valuable education and support to type
2s. Regarding WellDoc, the BGM-app integration launched last March, allowing wireless blood glucose data
entry into BlueStar via Bluetooth. We also learned that patients who get BlueStar through a health plan are
eligible for a free Verio Flex meter.

▪ As a reminder, OneTouch Via, the bolus-only patch insulin delivery device was not
included in the sale to Premium. J&J continues to pursue strategic options for Calibra Medical
and the OneTouch Via - we see this as a potentially highly valuable asset in the right hands. We'll
return with our coverage of the OneTouch Via late-breaking poster here at ADA.

Medtronic

Medtronic's expansive, open booth in the center of the hall focused on the MiniMed 670G hybrid closed loop
(approved on Thursday for 7-13 year olds), newly launched Guardian Connect/Sugar.IQ, and a new iPro 2
professional CGM food report powered by Nutrino. Reps said Guardian Connect was a definite draw, with
many attendees stopping by and asking questions (see product theater above). We learned from a rep that the
separate Sugar.IQ app will run analytics in the background and push insight notifications to the user - even if
the Sugar.IQ app is not opened. (Sugar.IQ actually pulls CGM data from the CareLink cloud, with an ~two-
minute delay after it appears in the real-time Guardian Connect app.) Of course, a user won't get as much
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value out of Sugar.IQ if they never open it (e.g., no food insights), but we like that the glucose-related
notifications won't require opening the app constantly - much like Dexcom's Clarity mobile weekly
notifications. The rep also told us people are asking for Sugar.IQ outside the US; Medtronic has never given
timing on an OUS launch, but obviously Guardian Connect has been available for some time now with the
Enlite Enhanced sensor. It will be fascinating to see how Medtronic builds out Sugar.IQ - could it be a
platform for the company's various products for type 1, type 2, providers, employers, etc.? It certainly is
moving in that direction.

In playing with the Guardian Connect iOS app on display, we liked the ability to scroll backwards in time (e.g.,
to the previous day) - this is more interactive than Dexcom's static 6/12/24 hour display when tilting the
phone sideways. One MDI user that works at Medtronic said she loved the ability to log insulin and see her
combined CGM and dosing history within the app. Guardian Connect's user interface is quite dark, which
makes it recognizably different from Dexcom's brighter G6 display.

The new Nutrino/iPro 2 pairs CGM data and meal photos taken in the myLog app to give greater context to a
professional CGM wear session (see below). Medtronic and Nutrino actually assign a letter grade from "A"
through "F" to each meal photo based on the postprandial CGM trend (AUC, time-in-range, average glucose),
with the "F" appearing in dark red and "A" in green. On the plus side, we are glad to see photo-based food
logging paired with CGM, as this will be a huge driver of behavior change in our view. That said, we're
concerned about using glucose values for explicit grades, especially in a type 2 audience that already feels very
judged and stigmatized around food. See Adam's diaTribe column on this very topic, which has been viewed
over 15,000 times. This is tricky - providing people specific feedback on what meals keep them in range vs.
not, but not making users feel like a failure (e.g., a page filled with F's and a finger-wagging provider stating,
"what did you eat here?!"). We wonder what is possible with "in range" vs. "out of range" or other ways to
intelligently share a proper ratio of positive:negative insights - "Oh wow, I actually have many meals in range,
and here are a couple I could improve on…"
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The Nightscout Foundation

As always, we enjoyed stopping by the Nightscout booth to hear more about the community's impressive
accomplishments. Excitingly, we learned that Nightscout has brought remote monitoring to the 670G! Vice
President Mr. Wes Nordgren shared that his daughter can now use the 670G and hardly ever gets forced out
of Auto Mode, thanks to the fact that her parents can now track her glucose and send her reminders. We
continue to be absolutely blown away by the pace of innovation that Nightscout and the entire DIY
community has set. There are now roughly 55,000 individuals using Nightscout worldwide. Representatives
emphasized the importance of bringing human engineering to diabetes devices, making products simple
enough so that "everyone can get the recipe." As one representative pointed out, when pump designers lack
diabetes experiences themselves, this can be pretty difficult. To this end, many Nightscout developers provide
volunteer consulting for pump companies - nice! For one, we learned at this ADA that Dana Lewis has
consulted with Tandem, Lilly, and Roche. We were pleased to hear from the reps that most providers are
eager to support DIY users. In one example, an endocrinologist went to a patient's school to advocate for the
safety of Loop after the family had met with administrative resistance.

Novo Nordisk

Sometimes Close Concerns' tech writers like to meander into pharmaceutical company booths, and sometimes
it has a big payoff: On the international side of the Novo Nordisk booth, we stumbled across the NFC-enabled
reusable NovoPen 6! Last we heard, the pen is currently piloting at ~10 Swedish clinics (~1,000 patients), and
the rep said it will expand "soon," in part due to provider demand! The pen enables providers to upload
insulin usage data to their Glooko/Diasend NFC pad (see picture below - we think it's cool how it stands on its
backside as it uploads to Glooko within seconds). Providers can then visualize blood glucose values vs. insulin
dosage, filling a gap in MDI therapy, to help them to better guide treatment. The pen's dial also has a low-tech
display on it, giving the size of the last dose and the time since the last dose. The reusable pen requires
cartridge refills. The US side of the booth was unfamiliar with the smart NovoPen 6 - unsurprising since it's
not available here yet. As an aside, we expect Novo Nordisk will eventually build Bluetooth into these pens so
that they can communicate directly with the patient app 24/7. Reps also told us about a new smart pen cap
under development with an undisclosed digital partner - possibly Glooko? - called "Revival." See our smart
pen/cap competitive landscape here.

▪ The booth also showed off Novo Nordisk's "Cornerstones4Care powered by Glooko"
diabetes management app. Graphics highlighted the app's meal-planning tool, interactive
tracker app, and digital AI guide ("Sophia"), who can answer questions about diabetes care 24/7.
Interestingly, the AI guide was not demoed in the Diabetes Mine presentation on the app on Friday.
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One Drop

We caught up with Head of Data Science Dr. Dan Goldner, who discussed the company's automated decision
support 12-hour forward-looking glucose prediction (for type 2s not on insulin), first shown on Thursday at
D-Data Exchange. We learned that predicting weather patterns - which Dr. Goldner did for a number of years
- is simpler than predicting blood glucose in people with diabetes. That helps to put into perspective just how
difficult managing diabetes can be. Dr. Goldner also confirmed that predicting the glucose of people on
insulin (which will likely require regulatory involvement) and people on CGM are both on the roadmap. When
asked about more traditional decision support, he noted that "our spirit isn't really prescriptive," implying
that decision support will remain along the lines of predicting glucose and feeding trends and insights to the
user.

▪ One Drop is in the process of wrapping up data collection for three RCTs: A-One, Fit-
One, and another (undisclosed). A-One is investigating the effect of integrating Afrezza and the
One Drop Premium (unlimited strips + 24/7 in-app support from CDEs) vs. One Drop Premium.
Fit-One has three main arms, each comparing a One Drop program with a Fitbit watch/tracker to a
One Drop coaching program without a Fitbit. The three arms study the One Drop +/- Fitbit
combination in type 2 diabetes, type 1 diabetes, and excitingly, prediabetes (the One Drop "Revive"
DPP!). We are excited for outcomes - measured in A1c at three months - across the spectrum,
particularly in the prediabetes segment, where participants also receive Fitbit Aria Wi-Fi scale!
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Senseonics

The US Senseonics sales team was out in full force after receiving FDA approval for Eversense a mere 48
hours prior to the exhibit hall's opening. The booth was packed with interested attendees who gathered to
watch live demonstrations of the 90-day sensor insertion/removal procedure on fake arms, by way of a
monitor relaying the video feed from a camera placed over the head of the demonstrator. Booth
representatives admitted that some conference-goers have been intimidated by the device initially but for the
most part are quickly reassured upon learning of Eversense's fantastic accuracy and observing the simple
insertion/removal procedure. Representatives highlighted how Eversense dramatically reduces the hassle
associated with managing CGM supplies - no need to bring multiple sensors on a trip or to worry about
carrying a receiver (smartphone-only display). In addition to the booth, Senseonics also boasted a large
"mobile clinic" bus, where providers can learn how to perform the insertion/removal procedure. Senseonics
actually plans to drive the clinic across the country, for the most part following diabetes conferences and
events - the Keystone conference is on the list! This is brilliant grassroots training. We're absolutely thrilled to
see such excitement surrounding Eversense, which we hope will expand the CGM segment by offering a
differentiated feature set. Currently, the 180-day Eversense XL is available in all OUS markets (except South
Africa) with very promising accuracy data in a primarily pediatric population shared at ADA on Friday.

SOOIL

SOOIL's Justin Walker shared bold goals at the company's booth, "guaranteeing" the launch of an open
protocol, smartphone-controlled insulin pump in the US by ADA 2019. Notably, the company plans to submit
a de novo request to be registered as an integrated pump (iPump), building on the new integrated CGM
category paved by Dexcom's G6. Per Mr. Walker, SOOIL was approached by the FDA at the JDRF/HCT
interoperability workshop in April and asked to write the iPump protocol. Given Mr. Walker's assertion that a
launch will be feasible in June 2019, SOOIL must be quite far along in the regulatory and testing phases of the
product. (As noted on Day #1, SOOIL has been building pumps since 1979, so it has been in the game for a
while.) If SOOIL can pull this off - smartphone control and iPump registration - it could send waves through
the US diabetes community and drives meaningful sales. Mr. Walker also mentioned SOOIL's collaboration
with OpenAPS to license an algorithm for the pump as an integrated algorithm (see day #1) - timing and
feasibility for this project is a bit more uncertain, as SOOIL has not yet engaged in discussions with the FDA.
Lastly, we learned that SOOIL signed an agreement with Dexcom to integrate G5 data with SOOIL apps. We'll
be looking to see if the company executes on this ambitious plan… As a reminder, there are currently no
regulatory-cleared pumps besides SOOIL's Dana that can be controlled on a smartphone, although many are
trying to get there at some point it: Bigfoot, Insulet, Lilly, Medtronic, Roche, and Ypsomed.

Tandem

Tandem didn't have a full Basal-IQ-themed booth prepared for ADA - we can't blame them after they got
burned preparing last year's booth for the t:slim X2-G5 integration, which didn't get approved until August
2017 - but they did have small posters trumpeting Thursday's FDA approval around the booth. And boy was
there a buzz regarding the zero-calibrated G6 sensor, the pivotal PROLOG results, and exceptional subjective
usability data from a late-breaking abstract (86-LB). As a reminder, the system will be available in August,
including as a free software upgrade to current t:slim X2 users.

▪ Protocol 3 of the US IDCL trial - the pivotal study of Tandem's hypo-hyper minimizer
(Control-IQ) with Dexcom G6 and TypeZero -will begin "very soon," as early as within
a week. Reps confirmed that pumps have shipped. As a reminder, the study will enroll 147 subjects
randomized 2:1 closed loop vs. SAP. The primary outcomes are superiority in time <70 mg/dl plus
non-inferiority in time >180 mg/dl. Secondary outcomes are A1c & technology acceptance. At ATTD,
Dr. Boris Kovatchev hoped to commence the study in May, finish at the end of the year, and
continue on with an extension phase - timing has slipped slightly, but the study could still feasibly
finish before 2019. As of late April, a US launch was expected in 1H19.

◦ In the protocol 3 pilot (pre-pivotal study of the Tandem/Dexcom embedded
system), n=5 participants spent an excellent ~87% time in 70-180 mg/dl
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overall, with 94% time-in-range overnight. Time in hypoglycemia was "minimal,"
with ~3% overall and just 1% overnight. Notably, there was no time spent >250 mg/dl, and
time >180 mg/dl was limited to 5% overall.

▪ See the image below for Tandem's 2018 international expansion progress. As a
reminder, Tandem will launch with G5-integrated t:slim X2 in Europe, followed by Basal-IQ (PLGS
with G6). t:slim X2 with Dexcom G5 integration received a CE Mark in April, with the first
international sales expected in 2H18. Tandem has also signed distribution agreements in Australia,
New Zealand, Italy, Sweden, Norway, and Denmark.

Valeritas

The Valeritas booth displayed V-Go, its insulin patch delivery device. While the representative estimated that
>90% of V-Go users have type 2 diabetes, he noted there are a "share of folks" with type 1 diabetes. In May,
Valeritas announced an agreement to provide future users of the Bluetooth-enabled V-Go SIM (Simple
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Insulin Management) dose capture accessory with Glooko's cloud-based mobile and web diabetes data
management platform. Later that month during the company's 1Q18 financial update, Valeritas confirmed
that V-Go SIM is slated to launch in the US in 1H19. As a reminder, BD's Swatch type 2 patch pump and
Insulet/Lilly's U500 Omnipod - both with connectivity - are expected to launch by "September 2019" (BD)
and in "2019" (Insulet). We're excited to see how V-Go SIM expands interest in V-Go, which we think has the
potential to be especially attractive and beneficial to those seeking a simpler and more discrete insulin
delivery option (Insulet's and BD's pumps will have handheld controllers, while each V-Go simply has a preset
basal rate and a bolus button). Valeritas is also in the process of launching in markets outside the US, recently
signing distribution agreements in Australia and New Zealand. A launch in Italy is anticipated for after the
summer, and meaningful revenue generated from Puerto Rico sales is expected in 4Q18.

Voluntis

Voluntis reps were enlivened by the recent IPO on Euronext Paris, France's securities market. The company
raised ~$35 million, ~$21 million of which will be allocated to growing commercial and field operations teams
in the US and Europe. Notably, commercialization of the FDA-cleared basal insulin titration app, Insulia, is
currently proceeding in the US both directly to payers and through partnerships (e.g., Sanofi) - the first direct
PBM agreement with WellDyneRx was recently announced, and patients have been enrolled in ~10 states so
far. The US rollout has been quite slow following the first-of-its-kind FDA clearance in December 2016. In
Europe, Voluntis is working with existing partners to integrate Insulia and pilot joint distribution agreements
in various countries - the company has already released a basal-bolus insulin titration app Diabeo in France
with Sanofi. In addition, Voluntis is now collaborating with inpatient insulin titration provider Monarch
Medical Technologies to improve the coordination of inpatient and outpatient glucose management (a niche
that Glytec also occupies with Glucommander). The goal is to enroll 150,000 patients on Insulia by 2021.

▪ Basal+bolus, basal+GLP-1, and NPH titration are "still in the works," and Voluntis
hopes to "be able to communicate on this progress within the next year."

▪ No updates were provided on partnerships with Livongo (previously expected in
2017), Ascensia (previously expected in 4Q17), or WellDoc (previously expected to
approach health systems and plans as early as late 1Q18). Partnerships always add new
wrinkles, though we're surprised the progress hasn't been faster, given the clear benefit to titrating
basal insulin. As Adam shared in his ADA talk, we see decision support as one key aspect of the
future of useful diabetes apps.

-- by Melissa An, Adam Brown, Albert Cai, Ann Carracher, Abigail Dove, Spencer Flynn, Helen Gao, Martin
Kurian, Brian Levine, Payal Marathe, Michael Poeschla, Emily Regier, Peter Rentzepis, Maeve Serino, and

Kelly Close
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